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□ Rajat, K. Bhaduri, Structure of the nucleus, Addison- Wesly, Reading Ma., 1975 
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□ Bohr & B.R. Mottelson, Nuclear Structure, Vol.I.II, W.A.Bcnjamin, Reading Ma., 1969,1972 
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□ de Shalit and H. Feshbach, Theoretical nuclear physies, Vol.I, Nuclear Structure, 1974 
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,oUj t>T 

□ Samuel S.M. Wong (University of Toronto), Introductory Nuclear Physics, Prentice Hall, Inc. 
Englewood Cliffs, New Jersey 07632,1990 
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□ M.K. Pal, Theory of Nuclear Structure, Van Nostrand and Reinhold, New York, 1983 

:{Siemens) b 

□ P.J. Siemens & A.S. Jensen, Elements of Nuclei, Addison- Wesley, Reading MA., 1987 
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iJuibuA yj J^>L< jO^lc t^SLlib 

□ C. Sharp Cook, Structure of Atomic Nuclei, D. Van Nostrand Company, Inc., California, 1964 
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□ J.M. Eisenberg & W. Greiner, Nuclear Theory, 3 Volumes, Third Edition, North Holland, 
Amsterdam, 1973-1987 

ic—l / AuSb ^ (Ring & Schuck) J> y* y ^IS' 

□ P. Ring and P. Schuck, The Nuclear Many-Body Problem, Springer- Verlag, New York. 1980 

:4l*> ijT j l !Jjl bJum j ». V. j AiiiA ... o tl l jBiB (_jIa A. ■ > J Jy ^I^jLsT 

□ J.H. Hamilton, E.ll. Spejcwcski, C.R. Bingham and E.F.Zganjan eds., “Future Directions in 
Studies of Nuelci far from stability”, Eds., North- Holland, New York, 1980 

□ Wong, S.S.M., Nuclear Statistical Spectroscopy, Oxford University Press, New York, 1986 

□ Tobocman W., Theory of Direct Nuclear Reaction, Oxford University press, Oxford, 1983 
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□ S.Shlomo, R.P.Sehmitt, J.B.Natowitz , “Hot Nuclei”, World Scientific, Teaneck, New York, 
1988 
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□ B.H, Bransden, “Atomic Collision Theory”, Benjamin- Cummings Publishing Company, 1983 
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□ Nuelear Structure and Heavy Ion Dynamics, lnt. School E. Fermi, 1982, Varcnna, L. Moretto 
and R.A.Ricci eds.. North- Holland, New York, 1983 

□ Heavy Ion Collisions, Cargese, 1984, P. Bonchc et al. eds.. Plenum Press, Elmsford, NY, 
1984 

ox: Cindro ;l Oy_ 15 U j* y 

□ Heavy Ion Collisions, Nuclear Molecular Phenomena, N. Cindro, eds., North-Holland, New- 
York, 1978 

:o"!Cx* ji tjylyP J 1 * - /O Ojyy* b U 

□ S.G. Steadman and M.J. Rhoudes- Brown, Ann. Rev. Nucl. Part. Sei, 36,649,1986; P. 
Frobrich, Phys. Rep., 116,338,1984, M. Bcckcmian, Rep. Prog. Phys., 51,1047, 1988 
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Q S. Nagamiya, J. Randmp, T.J.M. Symons, Ann. Rev. Nucl. Part. Sei., 34, 155,1984 

Shock Compression b ^1 Aj^o ^ I y 



□ K M. Kampart, J. Phys, G 15, 691. 1989 
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□ Heavy Ion Reaction Mechanisms. M. Martinet. C. Ngo and F. Lc page, cds., nucl. Phys., 428 
A,1984 
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: 4 k> ;l Relativistic Heavy Ion Collider 

□ G. Baym. Phys. Today, 38,40, March 1985 

^JLuAt 4j y ^3 _>) jA 

□ H. Sat/.. Ann! Rev. Nucl. Part. Sci. 35,245.1985 

□ K. Kajantic and L. Mclcrnm, Ann. Rev Nucl. Part. Sci., 37. 293, 1987 

.Jjl aJuli |=Bm! 

4l*> j»l !aJa*aiI Ijut jA i-fjjiyA _)l yA i_£j iajAy <_$l &3jJ> jj 

□ M. Jacob and J. I ran Thanh Van, Phys. Rep. 88,321, 1982 

v - 3 

□ Proceeding of Quark matter, 1987, Z. Phys., C38,1988 

U Proc. Int. Conf. Pliys. And Astrophys. Of Quark Gluon Plasma, Bombay. India. World 
Scientific, 1988 
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tC—«l « X»T yj 

□ P.E. Hodgson, Growth in Nuclear Physics, Pergamon, Elmsford, NY, .Vols. 1 and 2, 1980, 
Vol.3,1981 
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□ Nuclear Structure, P. Broglia. G. Hangcmmin, H. Herskind cds.. North- Holland, New York, 
1985 

□ The Elementary Structure of Matter, J.M. Richard, E. Aslanidcs, N. Boccara cds.. Springer 
Proceedings in Physics, 26, Springer, New- York, 1988 

:Jiil £yJ /iS ijJlk> 4jjLt4 a i 

□ S.H. Kahana, Ann. Rev. Nucl. Pari. Sci39,231, 1989 

:«J*aaiI »Ju»T a> 15 I 5 T ) jAjt |*il> JJlo ^jl la~>y cJ {jis 3 * * L y J ? jl »^S <l 5 ^ /i ( 5 ^ “h-* 

□ M, Goeppert Mayer and J.H.D. Jensen, Elementary Theory of Nuclear Shell Structure, Wiley, 
New York, 1955 
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Q B.L. Cohen, Concepts of Nuclear Physics, Me Graw-IIill, New York, 1971 
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□ de Shalit and I. Talmi, Nuclear Shell Theory, Academic Press, New York, 1963 
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□ G.A. Jones, The Properties of Nuclei, 2 ,ld Ed., Clarendon Press. Oxford, 1987 
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:(LaWSOn) yL a iu jy iu y 

R.D. Lawson, Theory of the Nuclear Shell Model, Clarendon Pres, Oxford. 1980 

£ lju> ji ol>^« I J Iflju* y i£j) y> tijj 

Ragarsson, S.G. Nilsson, R.K. Sheline. Phys. Rep., 45, 1, 1978 

C. Mahaux et al, Phys. Rep., 120, 1,1985 

R. Broglia, G. Hagemann, B. Herskind eds.. Nuclear Structure, 1985, North- Holland, New 
York, 1985 

Shell Model and Nuclear Structure; Where do we stand?, A. Covcllo cd.. World Scientific, 
Tcancck,NY. 1989 
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D. li. Wilkinson, Isospin in Nuclear Physics, North- Holland, Amsterdam, 1969 
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U W.E.Burcham, Elements of Nuclear Physics, Longman, New York„1979 
l»)j juL> js ^£i±Jj\y (>yjlSL» u v l> (^1 ^L^Jjuo *jy . y Jjl jJ>) Greiner j Eisenberg L 

Caston y^A iy fb (HAY) ^ 5 

□ R.F. Casten ct al. Contemporary Topics in Nuclear Structure Physics, World Scientific, 
Tcancek.Ncw York, 1988 
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U T. Engcland, J.E. Rckstad. and J.S. Vaagcn, Collective Phenomena in Atomic Nuclei, World 
Scientific, Tcancok, New York, 1984 
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:.aJ »x>T(Beiman) <— 

□ B.L. Berman and B.F. Gibson. Three-Body Force in the Three Nucleon System. 

□ Springer Lecture Notes in Physics, 260, Springer, New York, 1986, North-1 lolland, Ncw- 
York, 1985 
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□ M.E. Bunker and C.W.Reich, Rev, Mod. Phys., 43,348(1971) 

U W. Ogle, S. Wahlborn, R. Piepenbring, S. Frcdcrickson, Rev. Mod. Phys., 43,424.1971 
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□ S.S.M. Wong, Nuclear Statistical Spectroscopy, Oxford University Pres, new York, 1986 

Rowe .Belyaev .Brown .Siegbahn .Lane .Barangcr 

□ M. Barangcr, Theory of Finite Nuclei, Cargcse Lectures in Theoretical Physics, M. Levy cd. 
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□ A.M.Lanc. Nuclear Theory, Benjamin, Reading, Mass., 1964 
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Model, North- Holland, Amsterdam, 1965 
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15I '*•■■■* 
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Nuclear Structure *f 
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/ax L ^ L j_, \js ] eS I ^ j LLaj I Ax La AX j^x x ^j 3 y y ‘■i- 3 ^y3y xL; j I H 2 l 4XJb 
1 OlA "... fl> /lS .\ tts .\ iS^* " ...., ft t 5 ^ 4 -Lx >( _ r l^AX,l . CxJjlSjL X ^>X L jlxio 
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• -x^b^j* N ts'Ss'r jS^b- b o^b 3 z , - s y y '—~ a ~ 

1 ^3-i^je aj«j3j > • * «> ..1 ^^^^b i_^j3^a_ ; *i^-c » v > \ . ~» - ^Lajl^jljs ij-f-la 


'j 


Li 7 * J^> « u Uj«v 


-b v 


y 7 Li 4 b 7Li - 7 Li ^ 3 

cS^lb c a^ 3 ? jJ (^lajb-. b 3 ,jT ^Lj 





Xf 


uV Z^ 1 Jit4 < *—* 4 L r s LsJT X (^_sJ!) ) — \ 
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^ . ajjL ft*x, cJjj ^jS 1 j-> U>4^* jj 

jl L j—iL; olj j 4^jS jl ^IaSjA jjLiJ cS j£ f-A£>\y» ailjl 
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< J-iL * jl ^yfcfb Jai* K tS va—I 


v> 


dhf> 

dx 2 


yj 'j (' T ) 


= —k\ 


dhp 

dx 2 


(TT— T) 





\p = ae ikx + be~ ik * (Tf-T) 

(Yf—Y) j 1 S*. Jajly, b i£ jb^-^l^b 


e?b_«. ^aa,jSaa*( i.— s>JI__ y— y Jj aSj^L 


* ^ ljJi — y_y J {jr^-; aj A-irL ^ iSjj*}'* J^3° U ^ 
<53^3* J*j f Ji, I j ]^y ^ 


- 1 (A-Y ) **bj, .ji W J 


J j'>(Yr-Y)iJ*ibM jj 1>T L aS es-Klib (TY-Yj^^bu ^a^^JU 

l»*j^T c^—aa^ Ij b i 5 L~«^1S ,j^Ij J 


j-‘ t 3 t l5^*3x- *4-^ ^5* ‘-awJa^ ^ j3-3 jA < i>S--*^lSi-i*jliojJ i *5p*3^, ^yajSiu 

- S "m . » jj L JAy< LtfXl^rf Aj A J .fn < bj 1 J^b ^ A^ < b . V I M »b jL_lnu b Aj j 

r U 0 T jl J C^ij j&4- ( ^ f_Y ) o-jb-t Ajj- jA L*£ J>j3 . A-ib Aj-ilAA 

{ jiyj\£S-fJ^S+jj\ (*-& u I^CA^ lj ( } ^_Y ) aJa l*. (jT^jUl, 

• cjj? jk: jA b (jy^* 

w (— 27 tv) ( jlA rf jlj L _ r AEy( ^ A—Y ) j (^3<r j~>W- ^ fr—'y'u* 

(*J3 T 


(T<\-Y) 



1 L— 


ra 


jJ W tsW*-* E «SbJJ*J J (f-Y)iS3^3 J *»Mj L>L^ ak-lj ^1 

<3jj—' 1 ^ ( Jj ‘ .. , ! “»' Jf t ' IS« 6— " ■ | » < U Jl-i- . Jt e &J«>Lao A? C*« I "A* T 

11YA j J —-1 f>3->- lSjj— li'j- • c - kW * 

j — S j— 'j~o ( j— f—y ) LJ 1 .. • >«.jj lj«J j Laa ^ 1 ^Lib^oL. j I (j-cuv • a—~ L_iLiS <-SI^ 




*£jy> * T (£—Y — Y 

JjjUo u*>'l 5 0 ( Yf — Y) 

^JL> 3 a J l i nw I J-Ijol , JjS a jli ; ..,1 aaj Cu>Jk f cJl»- jj 

(Y^-r)3(U-T)^^ L> (lP-Y) e *J-»l« ■ e'j-- 1 uV^- 14 - tS 1 ^ • 

T = (ae ikz + be- ikx )e~ i<al (Vo — Y ) 

jlc^l wjLj- JjIic; cJL> jl ,jT ,5 y eS . o-J^g-L— <jj j «jL-I j-j* j^^b ^ 

y — (a sin kx + b cos fcx) sin wr (Y* ^ — Y) 

!»-—< o5^j- JU- jj j-l^l ^1^. 

¥ = ae U*z-ai) _}_ be ~iikx+vi) (Y'Y - Y) 

(+*) u T ^r* is-*** £r ^ ^ 

j = a sin (kx — a>t) (YT-Y) 

c^jy*^ ( —X ) U T ** /*' J cS->^ CJ* ^ J 

>> = 6 sin (foe + w?) (Y'Y — Y) 

< clS JL>3«1 L c^*J Y ,jiS £ y> £-b S-. aSaJa- ts'j-i • 

Aiij?^ jj Ij 'ib 4=>->: £ ‘-^bUd- u'^-LS* 

. o-iL aj-ilj JjiLas jl ^A-o-b jj Jaii *$ t>> 3 

aS^jlsA- 



($ c SLj*S L, 


1*1 -*■ oo J*> (Tr—T ) j* 


ul^iy *j( V Y—T) *J jLvi csU~'>»- ) Jy jj I j! . o —1 >-•■ , - 5 £ i a^L E > 0 

i~Sj>- Jl>- jj v'>^ ^ (YY—Y ) ^jyo^ *!•**• jl «-L»li jj 

& ‘ o^(Yf—Y )*-bl».£ < 0 'j ,A * ■ 

r^J^(YY—Y)*^»-'j j' *.• c —' d****' ^ *-£< * ; k—*■ IK <^^**—-.1 

y>-+ae~™ + be + ** (YY- Y) 


-m* 




%JjLw ^jljJLU- L 
(H-Y) 


'•^•iSE* ■ c: ~ l £r ^ U T uy-kj 3 Ci ~ 1 15 *^ ^ v(*) ** 

(J-*- <5 E J ‘ JU-jJ £y. Sg Y . iJtf J £j, jl jJjjJ A S 

. (O—l * jb-^1 £yt £* ^5—4 

— 00 Ur -f 00'-**~A- x &*y ^rOj-i **• Y ^ -Ur'j* 1 ’ 

jSj - '^k^^Uvif 2 ^' 4 -* £ U <*>*jlitYY— Y 
<j jb-^l^ 4 (^ASj-;L Jc y<>(Y^—Y) ‘a-UU^ 

r#* L (j*• 4 -^» ^ 'j cJL. , ,j_J^L- . oJ *Otfj£tfU 

L aSc-J ^ JA. t rT, o£j»- JL*,.! £>• (^i j£-J 
■ * iA ' i (j* £j «^i? J*-* 5 (Sjy £}• orU* U c-ljj ^J-51 j.1 aS a^jT AiiU 

, ^ j w’ 4 Ar* , * fl ^' ,J ^**tj“U.l^ < ^v- » U . * u J** j* tr* 

o-*jJ j h . jj ^jI^a- oL, lj ^(x^.r.r) 4 ^ < » A% > (MYf) 



L* 


i —'jl** &S > « 9 Ljj ^ i . I1^ ^*c 

(fa-Y) 

|’F(x,7,z,0I 2 c^S.c^I rf* <*></* ^ ^ 4jJ JU^I ^ 

O - " 1 ^ JaLjjl . C-. I X , _y, Z A k i-. j*i ftjj |_J-J jJ ■ i " > ’^.} J"^ (J I .i yt- 

. jjjT (j—Y—Y )o ; ^v jJ 'j ‘-S-—^ JL>I L jljuu 

lS I—<~I .V“ : ^i$ Ik^ a “^ > ^* T l$Lk( 1 A—T ) jU.jlj( } T ) 'ftJjLwjl 

O^j j* 


|T( W ,OI*=lv<w)l‘ 


(t)-T) 


•u^*j J *"“" » JL»- j J |*F|* * o*Lr*^ 
' J*J U°'^ LS'j^ Y‘ e —<' i^tj* 3 JU-^>I S-< |»fj2 

• a^L L»- LiA j J ^ j_5jt juift^ii AjL_ ^ 


4^-lj ( <*kia pk- ^3 j 


c ) 


. A-lL JyL, aK>^fe vp _ X 

■i-rfL ( n-Y ) <J^U **-Lj- yb Ij-j < ^ -► 0 JwU * V-+ oo /• — f 

. Ajlo-s ^jiL* 

\ *^if ^“* 4 L** j' L g- ^-* > ^ t5^ 4 a J^l- 6 ^ 

fwj* J 4 UJJ*^ 

^^ = 1 (u-r) 


J Ivl 1 ^ 


Ui r Ls 

*j (f Y—Y ) • \p —► 0 J-jm cJl> ^ . r _ ► oo ^3 <&-■. 

• (Vi-L, e» 


y j Jp^L*- . <0—1 jto J jja jlaift . k I ’ . > .4 J» i_»jj. ^IL U &i*-Li 'ftJ L— — A 

(a -f &)*(« -f /A) = (a — tfXa + i‘6) = a* + A' *= |a + ib\* & «ls ~3 ~ .jj- 5^ J-l-k. jAi 





XK 



^ — T 

. c—lajui ajlj u LzjCL -tS'ajjjJ (v— (jbjj S-. |L1^.„>... (oJl 

iS3£ jJ jS-uj^i c aJaU-» ( J_Y — T 

• -*jr ci^v?*^ £'>As '} <£j W-? 

( k_iJL)_Y ) ^ Q f ^jjS - ol^-x. jj \J ^ykS. £-b \S 

'~'jy°*-! 0^15* ' *■-■“" r ^ a * i -*' 4 jb i_r^^~ : 

WM) = (tr-T) 

Jy*j»v»J,; jJSLlflL- ^ 0 J 0 • J^b j (.5jl AjL >_i; jj i-t V aSJa-lj^ J Lfctl 



ojLj. 

0(0) = P<"*'(cos 0) 

(n-T) 

$(£> = e lm * 

(fo-r) 


COS 0 «r—»• x l ^ J* j* ' *A^-*-I_J LS•aLj- — J*j m > o T J J ^ 


tsL^-1-l jj Ij Y-T *Jb— If LT^v ■ , HAA‘ Schiff - 1 

, . A-JS aio-ib J-oj 

j I »i_Cj Lj Ua^* iJnxO^ b *a^— -!_) cS^es' a-L->- -i-i-j- — 1 o 


?*;’ =- 1; / , ‘f’ = cos 0; P ( * 11 = (1 - cos' 0)* = sin 6. 




,L»L 


tl 


u—L | m\ < / L(^ *J-^>jl j^I = /, m 

. CU-.1 C~l» Jsjj / 

• (**•*-* J**-) 4j j wj/ £*■»*-> «S jIj ,jLij 

L^I^ Lj <*i- 

L=- [/(/+ 1)]*A (ff-Y) 

mh L '^—.1 j-^j^ ,jY z t *jJy j 
&**£• jf.j ‘ak^j U (fr-T) jJ R(r) 


_A*_rf*u r /(/ + 1 )A» 

Im^dr* L 2mor a 


w] 


u — Eu 


(f Y — T) 


tSjlj^U - 0 T jj *S 


u = rR(r) 


(*A-T) 


^JfeljL* %/Lj- ^ *J jLu . Cu.1 a.« aJjLm ytl»-Aj 

j-L; jj' ^jSjA a'* 4 ** ^ ^ ‘ ,jJ <jly. . 

l$l»4, «-. Ij 4 J j ^5 v . J ^ ^Sj>- <UkLj l_5L 4 jj • -lejS-i 



>£r < '-^rf-‘^ k —^• T — Y 
cSj^* 

,ly 0 T^ .^.^**-1 


*S < » \ ..;.,.m a> z ^Lu> jl Jj- j- j^t_c j jj «<-j . >< j~*-t * V| 3 V r 

tSj>' j' • 1 6A * : " 4^^ ( Y — Y 


J jy, ,^1 jJ Ufyljy tSj/ Oj^ ^ £3- ' J>4 — U 

• «■=—<'I tS^J* t^33^ O'- 4 ^ - j 1 LS - ’^’ 





lm 0 (t; r a + v *) + V(r,6) = E (f ^ _ Y) 

' *z~J 3 J-—b- KM) u T jJ»S 

‘ v> L^j'a. ^K,\j *«jK= , ^ a jJ4 , jl 


ilj ^1^ (Ao_y) 3 (M _ y)c^jLu v 


(A--T) 

■ L . o^-l cvl; ^ 


im ° yfl + 2^7* + K(r ’ 0 ) = E (*'“ T) 

Ojlj (n~T) L ( yA-T)aJj^ ^ ^Ij (fY-T) *JjL- L l^lakJj u L* ^1 
1 k jJ&&-< < < \ ...,^LS' JL-LS* jl jlj? eS |»_- aL- w^L 

£*-/(/ + DA* (AT — T) 


■ u^ 1 j J Ao*^ 'j ( AT-Y ) iSj< j^U 

J jy*(v- fl —T)u^ j-i D/'ffY—'Y)*J>il** ] <jl*-S> 3 j' 

j j3 i ^1 y <JjI»o ^I <& a^Lil a zSj ^la^ .Lii i>wl j-i ■ «ilj jlji ki*»v 

jl v^*-«l ^jb-t (>*» t5jlo-. ^I^ 3 lj a^l£ = 0 b) / = o 

A 2 (Pu 

-r-T T +K(r)u = £u (fiT-Y) 


(V*ly^ aLt-l ”Ia*- iSjL^ ^Ijl . e^J ( YY—Y )tS>i*r A* aJ^L«a jn^ 

a^ '—Lav' Ojl^Ajfc y (f A—Y^ . <uJb tjJL . JjS 

u = 0 r — 0 (Af-T) 

£ —Y—Yo ~—**i j J lj uSj^® •K'l^“ jl T ^jjL (->•&*£> jj *vA /?(r) Ij^j 

■ (aJi»-^L 



n 


I L 


JjljLo j j LjjUd ( -A— Y — T 


* " * •* » " ■!»*■* i ^Ia ' i... g i i_5Lj-J 0 Li L_* jj 

J~^J ■-* _>*• (_5j L.I >X»- t. ^K li ^K” C mi I Orf ^ Lfcf • <- " ««■■ I J j I AjUI ^g.L« > - I si-i J Ij 

ts** — f U lj fj>-£y> \Sj>- }{j>- 

i^Sy>- <_SL~-^15 < ojjS i^Sj>- f 2 ^ J_,Ujy» ^$1 a sj^ ^ m 2 s W] 

j\ l •,... I 1 ^ & I Xj <iL&, c. . jJ 


F, = m 2 


<?U 
dt 1 


Fi = m 1 


(Pti 

dt 8 


Fj = -F, 


(AA- Y) 

oV* 

U*-Y) 


J au* ^ jo jj>- 5jj JjSoL, L 


-f- r 2 m a 

Wj -(- WIj 


(AY-Y) 


lSj^ * (Af-Y )-kr- lJ^ 3 • ,jU p‘« ••■..» » f>* A>*^ o'^u- 'j ♦j-*;* 

(t5j' J j—<) L fj>- £y. IU s c—.1 j*~° mi -j- m 2 ( »•»■■?- ^ Fi + F 2 J^ 

Lui jljj- p>»■ j* 4 -; * " -*•«■■' ^ * 4 *■— ^j*~ 


m 2 


(AX — Y) 


mi + /n, 

JU ,jJ jj « rmjimi + j 1 -^ Y fl j- i 3 1 

r = r x -r 2 (M-T) 

— jU-t ^5 jIaSLL>- L I j r j>- aJ j I** . *±S ^ l j ■>—' j j ^j—— 


r = r c + r 


(*°“Y) 


m r + m 2 

i^j Ij ‘ dr c /dt = c^b . . j j3 T . (a&_Y ) lJ^L< jj 



<S fa—. * <5^4^ 


d*r 

F, = ^ 


(M-T) 

oV** 

(H-T) 


. Ciwt '*^1* j 1 °jU*- 

P a—J->Ln A^T^Jaj (jjLI-xa- S?, 

(H— Y ) *4—JjU» «*jj J^ki* . jb f*L»o' 

***\s* X> ^jr 54 - 

-^V 1 , v>-^-V 1 V+ Vrp = E V (?T-r) 

2/Wj 2/rtj 


(jSc-^rx — ri = r^J>i» V^y J j* J \ £ ~ “ ~- r * j r i ** V* £>* 

_jl c-L—l O'jLut jI5j c. U;» < L • «>jb 

v iV = |^ + |> + !^ (.t-v) 

9x 1 a ByS dzf 

jXcJ 1 X% 3 X lU ^ •^ i,J (ff-T)^.k- V 2 »y j 

f-jb . (M-Y)j (AY~Y)^->k.l*~^ aS-^-ax 

9y> _ 9y> 9x jty 9xc 

dxi ~ dx dx 2 ' dx c 9xj 

= |P |v «j_ a _ 

9x 9x c ™i + "» a 


_a_/ai 


/Bip\ dx c 

9xx\9j 

cj 9x\9xJ 9x x 9x c 

9* 

d*y 

9V 2mi j &V / 

m 1 \. 

9* a + 

9* 9x c m 1 + m 2 9x c * \ 

w x + m s / 

9*v 

9 a y> 2m % ^ dhp 

( m * Y 

= 

dx 9x c m-i + rn 2 dx c % 

l"ii + mj 



ft 


,£l>L 


o'rLS- 'j (^r—T ) —1^1— JU 
( — Y) 

__^_^^a z y» ( a 2 v \ * 2 /3*y av a 2 v\ 

2". U*> 9/ ®W 2K+^5 Is? + + &?J + Fv =Er 

F o*T ■ (M-Y) 1 J-t—ys j aJjL^lS' r s>M 0 O J J-> ^ 

U aJ jUc ^1 jj Ij 1*^-^ ^j** 4 ^ 5 ^-"• x,y t z 

VK r > r c) = V'o( r )V'c(r c ) (M-Y) 

^1^. Wc ^ j Iaju . ->/ I J*. 


_JLZ!v?i +F i + r_ 

2^o V-. J L 


* 2 


vVc 


2 (™i + m 2 ) tp c 




(Vo - T) 


V> ‘i'tfrfy** —• £ 0 tSir 1 j(c.m.)r^» $r ^y~ £ c vs;>A£ JS > V«~ L. 

^ ^ I ■±-Ji L 4^-1 Ij L g^ - ..-, . Ij^»\e o lfl-lj %a <L, L&Ouij^5 J^i.1 J (_5 I ^-1 A*C . . 1 


~2s: vv » +Fv " = ' e "’ , ’» 


2 (m! + m 2 ) 


V 2 Vc = -C'cV’c 


(vi — t; 

> 

(VY-Y) 


tLUwl *ijiue 4jj viL. ^ ^—Y ) dJjLts A-A-i -bL>Jjft jl i^.^l.iLae ^1 jl aJjLm ^j , ., " ..^. -» «J 

• •• J Like . C^oxl ( ^ ^ Y ) aJ J Lae L Jo L.-e l \5jy* I 'aJ J Lae '. I^S^SLwLSo ( 4 'o. * U y 

(Yt—Y ) *aJj Lae 1 —jL « Ao Al»^w jl I j k_4-Uae j^jj/l • Ci***. I Ciw Li AA£ L p C^SjJ- 

. j jS Akt*-!iU y ^jljjly ji-e L 

«i>- Ij ji-3 ^jHa-Li < (_jU j p' ' ."„ ■■ ■' v5L (^Ij- “Aa_. ^IfJijLi-e jj 

j-LsLilAe i (fY-~Y ) Law iJ^Lae jj tS |V*“U jJalj'A, JkwL Ajl^eJb ■ AoJfc L . JjS 

r . O^ 51 [/(/+ l)]^^jlj-^'A-jlj Ajli OjU.jYMl’^^L 

• (•>► J^ 2 *- “j- 4 J J J-* LSj'-Ae li'A-j'j 





ft 


■ <>jj( 


■ < nlC . ^ . iiISl* [* "im.iu *- 5 — iS a a l— c aJ L* 4jj jj I j ^ ^ Y J j£o a j j*i c aJ a Lae JL»- 

JU-t I < 1 >^5 j l* i^j-r 151« j I aal b Ij A - O . fr ^-la- 

‘ '■^—1 >V»* oJU- v5- ja a jj ,jT jj aS aaS^ a^*J^ l j t _ 5 ' . , . « -o j « <o~~ ‘v^ ^ j- 4 4 j- 4 

coJoIja jl pja aJL^ . 4" ..... a> jA ,j^SJ5y. L ^ I £* jA ,jj^SJI ^J=u 

^ aha*L jI«m - L> —^aa—L IjA ^mw ja~ »•> • vi. 

*—***“ j* j* 4 -vU v> ' jj 3 **-iU M> £jL»* j- 4 '‘j- 4 ^j*j • ‘“—'I 

(J- j-i tSt£j^aj\+A . ( a . — *Jx>-^LIj £ •—T—TU“>*V J- 4 l 5 ■^ri' i j“ jl f J °J“) - 4 -* 1 U j^° 

j ■ j- 1 j-* «--■*" J^-la j*i K jl* 44 * - oJ^— 15^ < o— U a— o a la j laa (—T—T ) 


b s ( n-T) e *J^L« ja jla 


I^IASLUL .’V^ 




JLo>l -IK*- • (^}*-; -K>->* Jl-^*- 1 JS!a( j)(«* = 4)Lft .x jy^> 

, y• , 1 , 1 ,1 aao aa! a ^Laa >■ I** L* ». ^. «■ ■ ■ ^1S~ 






A »■■« £ > . (l£> L> 


V(-W) = 7(x) 70)2(2) (vr - T) 

JC-Jl. I J j*j ‘Ak. Ij } JjS I A> pJb jl tj cJ^^a. o'^ty 


l<Px 1 rf»7 lrf»2 
7</x* + 7 Jy 1+ 2 _ * 


(Yf-T) 


ol,^ ‘aL-Ij L m 0 ^ j ,(^b) E<£ ^\ k t 0 T^ ^ 


2^^ 


(YA-Y) 


Ij i—-^Uc-» JjL:— o Xt (VMjXJjUy* ojis A- jl l5L^A 

aio ■ X * L jj l jj Job l^Tjl t \ .^,1 > " i . b j' ., \ iut ijSb A k^A-» j i > ‘Hu 

o'^ty * J^* o'*^^ ■ 


1 d*X 
Xdx* 


= -K' 


(Y^-Y) 


- c-^Ului aI^j^L- < jjlj ^y,-) y*j jLj 'aL^jj ci'^ c^jLa ^ 

pJbt-. j *j ‘aL-Ij 

v +V + V = A* (YY-T) 

jl CjU 0 T wl^ 3 (TT-T) aJ^U a-L-(y^-T) 

1 = 0/***+^ (YA — T) 

P^l 5* Cww*- ( ^—Y—Y) tx^v j* f i£jj»-bj^ -b— y 'j A a ) fl« cSjU^-l tsL^^ 

7(0) = 0 X(L) = 0 (Y1-Y) 

-W 1^“ jl-tj^. aLu-^U * e ( * = cos s -j- i sin s a£_l,I lSj.jT.aL L 

cS .SjS^ja 1— L^r 1 

X = A k sin k^x (A ° - Y) 



cSLj-i ^Lo 


ft 


j- j j*-*k*± 'j k x |».jJ -ty- j «^~l cSjU^' <^-rb ^ A t o T j j ^ 


*.= 


«,7T 

~L 


(A 1 - T) 


k i» aSe^J cu-aJbl jib*- a^Sb ^1 c^LJLLa 15!^- . c^-,1 J-Xc l 5 L rt x aS 

Ag^sj Lx»l c*.b c-«>!iL j —jih b jjl ^ n, c-«!iLc . jkj^k; > •• .. * . <! jl-xtl 

jLS ljn B = Ojl* 1 ** • £-j. (Vb jj jl jC —.1 (A®—T) e *J jU«jJ 

(f Y—Y) ‘aJjU. (^Jo j- j < <—-I y = 0 **•■»■ lSU-a** j-» o T j j 'j* j 1 

• *Xwb a".■■■ 1 j j^j»- j a »ii» jj i_$bjj ^ 

z ) y *-! ^yij» urjj t ' . ‘ . f ** ; U 


Y — A y sin kyy Z = A, sin k,z 



(AT-Y) 

o T ^ 

(Ar-T) 


j«> £? b* (AT—T ) 5 (A®—T ) b 



XaT 

y = >4 sin k^x sin fc„y sin k t z 

(Af-T) 


o T ^ 

A = AgAyAy 

(AA — T) 

L- X C-^-> j-1 gja J^Ja< ib-» • ^—1 axL £ja g t 

= c* 1 J* 

rf“ 

II 

II 

*IB 

(A? — T) 

■ Jjb L® jl'X*’ (.Sjjj-r is* b 66 aS Cu« 1 4jJL> j J a J 1 gl^a l J Law 1 

l*A O— jj 


• JjjT ( f Y—Y ) ^°s~ ^ 'j (AT—T) aJ jU« jj A b 

1 =A‘ f*d»»Kf* fusin' f^dy (\i^dz (AV-T) 
Jo L* Jo L Jo L 

= -4 a (iZ<) 3 



6 «... j izj> L. 


-i>— jIjjl# I j*j • cj—I LJ2 LfJlj&bJ jl ( S-fjjt iS J-b b) 

v'—— , . cxJ 1 J->l^ '-'jb^ S* ^5j j j* ( _ 5 v j> u—£-b 


^ = ( 2 /L)l 


^ ^(_ J ® -> J .*0 '-'J}* 3 *-! **^-1 ., 


/ 2 \* . n* 7 rjc 

y= lz) sm — 


.7tjc . njny . n,7T2 

— sin -j~- sin -j-~ 


« SffJ jJaJftiakrf jl . j^X>S^yO liu jT 1 5, 1 j I AJLo b I J |y|* J I ^yJ Kl>- (J U 
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, / ■ ^" 0 ^■ ^-*-.1 (£—^)DjUd L jU; jj *5 JJ -T 4 K^Ai ^y^t^y A 

Cr-*y^ b (j—^ -^b,^ o^L^cSj^’ Cw** 4 *-^ b~ J .J^> ; u^ 

J- 3 U (J -ijij cSj^r 1 <yty^ • 6^ ^jb*. b • -i—*S tSj^ 1 

j-Ljl 2 F 4-Lsl»4-f "b* j»^ Sty* &S jl^ l5j> 1= ^k-j-bjj b-j^sJSj- pLs aSj^i^ 
j J u> s -^>' ./* -iy^ J-ol*- l S - -. ‘^ lSj>' \yy^‘ J cS>“ j' • -^W b~’.> £ “^.J J 

4^—Ai ^Ou-I _pi_-JLi J . ..■■ i ^ va 53^*’' u.J’v" bb ^ ^• 4 -^ aj-S, j£«* (_s <yj^jy 

e-lj-il I objS ^ ^ - J( y> 2 F ^J-b 

. .i_^L a^-ib Jl-L J-. lSjS-J 

«» • i I j I ^y--» L< I j £ L-i I c *; *^ U* * a !> A h jL^L ^ jL jl^ (5 j}^ 

4_»jlj c-j-iau l^^lJS - ^ { j^ <S}y~ — j j dSi-liiiLjJ ^ 


4_»ilj <S}y~ y F^J^lS^ 4 ^^*j j aS^-liliLjJ ^ y>y 

r-*' vjj & y» • ^ • —- ^ > "'->■■ ' ^jio (j'jl-i U— ^^y *${-*£-. 

^o Lm j'a-JL. jjJj < aaj^ <sj— a> lj l5 ^-Ij 

^yJSy jj*- L tSi jjJj L jyLJ-iS I < L*j b. -i-~ jb—<- (^1) *-l J l*»jj 

L5 -^Ujil l J( jLi ^y- IjS-i'i* lb i5j y \ jjl^-JL*-. ,jy } y^ < £y^ j' 


i -*Ji ^ ■ j — T1 

J >—-(j—• J bj L ( _ 5 - J j ^y • * i - j J lj <>j j «-S r! LS^jf ( —Y ) 'j — Y Y 

• (j-^-^- lSj^' 

. ^-j5 ajl>I y I21ff 4^>j-=> 1 ^£Yjb» Weisskopfj Blalt y- ’ -.n ^y^y ls' y — YY* 

b-jT j_^L ftiL . j jS ij*** jbi b e-ljJ Ij lyjyJSy — TT 

^ j ft Lit yAoy tS C-JjS jisL> jJ 3y • V* b-c I c.1 -i y- y y£ 6-> lj 

* -i-i-iL “y~! ^J jSL , ^ I '- ?V.J 



cSijfS ^La 


. /*a£ jl 1>*. 1j jU,i 

L-. £ j j—. ly; ^^0 I a. '' .».a |*pt>- j 4 A...Jb ■ — > (.5 jj* ^ ^ Lap- ^ U « 

I *'—./ - J-““*r* j' -A Jb 

L Am L>-uSL k J-U < IjC—.1 ^—.—Li (jjl aa* *j a ^ J=w^s« > j )^" »■■■ t ^Sjj-'^jt-’ O^J J lS jS 5 - J ti ^s>f* 

i»S- jU pj? wi l -'*- > ' pj^j^ j* '—' < £-L» 

JjSJ ^0 S,. f^p- J_£V fl 4 - < ^-;L- esLmA 

m = nA/„ (Hf-T) 

L CA-I ^,1^ JjSJ^o ^ LSjy'j 

(H6-T) 


e gM ( 

n m 


jj wT^I^. -a—L^^ jl$J Ij g/m 3 . Q~m £ aJaaaLjA &y^j 

r*j lj 100 u C 


m 


M 0 = 


= 540 cal/g = 2.26 X 10 10 crgs/g 
18 


6.02 x 10“ 


= 2.99 x 10- 23 g 


M = 6.75 x 10-” ergs = 0.42 ev 3j -J j> 

n 

J ^-U_U-a. , !*_;—a> ^ ^ -vJa^-'iL _p- £ a ve U j'■**■• u*' '“--^Lam j' 

< f - -j/ /a ^/-A ^>4-f( M—Y) j (‘If—T ) ^aUj(,-M)u^ 1 J j ^ 

■ Mev 3 ev c V-/ j' ‘ 


AI ajJ *5^ l^-AT « La. 4 ..... a> p 5L - 


aa^ ^L-a (A— Y ) 


^ U i^ ; - : iiW-rf.3^ L»JY ^IjA jl w^-X« ^bwLp-^-J^y 

■ A 4_S«4A—.A jLa-L, jl l 5— &> J Aa ^ t ’4 r .L^ iais ' j £y&ya C^'* ' ' " A ^ 


^SjA J - -U. A^^J- j'ji iyy. Ajy. Lp-^iJS^ , 


^ t53A^ 


IK- —f'i 


) < \fiAjL~‘ Gomez j * Walecka < Weisskopf <s~ j> 1=—^ — Yi5 

. A - aJa^^U 





M 


i A 3A A Ifr- M .-i... , IjbflJ. x .J h 1 LaJT — j J Aas^L a?ca~ aa b... 1 j ^ ■ ca -,1 

—'■^ tjrf-i ^ JtS y° '~' J3* 0 ^ i_j rt-! Aw 3^ 3 • ^ -‘-‘■*** O' u» 3 •£*& c I liJ T Cw lj A T ywb j~> 

. 4 A3W (_ 5 Jji>« Cuiu^a L, J Aa l^-< 3* ^ 3* >-Sc 

(_$1-tt A jA i?av<.' a jS 6^*-^ o"k"? **■* L *S ( ^ —y ) jl i£jfir< J J'r-y 

• J ' J |“—^’^ j'j 5 ‘ <S3J** J 0 ^ L^’ 1 c -*~ l ^J>< 


vs* 1 ^ ( e-r-T 

«ljla—,. ca«,I '-V*- (*\—T ) J&- jl • S„ * usj'y lS^O-T ' cs' 6 >jf^ 

N '■%—* L S^J-! ‘ • l> - - *“* J jj N J J ‘ - r : - : £3j N^-t lS U&4A*wft> (_gly 5^ < ^>f»« Z '■$* 

^a^U-aJa^ 1 ^ 1 . AcLy, sy> Zj ] j^r* £3j Z U tsLftA-^A ^r- s v <o^*> 

C A—-1—Sc j_s 1 j IA *S < jj 1 ■■■ ^.. , i3 ^ 3* L 7 * !_)?“ (J j“‘\.‘: aa ,.. I v£ ! )>" ■... ft> ^33^ j ^ 

. A—-Sy> jUi, I > AA y yi jw>Aw y>yd C-J L>- l_Sw j A j i UAyJ>J li. “> I". **»« ( ) <S ^ 3 [j 

jj . p*AjSijlil ^ILjj *5. aa«,LJT e 4jj (J £I .v...,I (JjIa-L J^U jJ ,jJ 

J—^Uc . a^T yl jl AJk'^C) a^ 

S n 04, Z, £jj N) - S^ - 1,Z, AT - 1) (IT* - T ) 

j-jlia. A-S’y, j^r . Mev f ^ T u*-< A lt^'>*^ oyj^y 'j 

■ <-A-aAV- U^JJf >- 

j 1 J - (zryj Z ' C3 jA^) C*>—Cjj LS^ 4 A-*ft> a 5 A^i-a C-^L CA-J-Jj jj' 

^_gL ^ <X ’ .... ft jl j^A-JCI A^>- C 4-^J4«< j_C La> a'».» ft' v _w I 4Ay) A^j lw Ajj — <5 '- a ' a ‘ 111 ^ 

(^Ua- -ft>_ 4^3 ^yl 3^ji |j* o’^iy 1 *J S~^» (_»' ■ • i -** i ^ — ^J* 

. A jS 4 AJbli. 


Tf - Blatt and Weisskopf, 1952, pp. 292ff. 







(j> faffi L+o 


tf 


jjU^T A^^ft- A_iJy jj-l jl ^Ij jA ( l^T U<C-j* a 3 ^ UUI 


j1a-L i^Laa^—& a^ ^Ijl^ '• Y—Y JjA 


^ A> 

c^v a> yv 

IAAL» CA> 

A A ji Z 

160 53 

49 4 Lfeft".,ng>ft^j aIajc 




5 b-^jj* 1 < 


- ^ 


1 Sr"}' j*\ * (11 —T) * J^ o'*--* 4 -' • 

”^LI 5 Jji nU er-“ o ' 1 *'* 9 ■ -^V O^ ’j ( Z = 6 ° ) fk 

LftiA, ^ aS* c>uw i Jj I c.o>tj I j j^iL ^SL^L 1 - ' » c^a> I 

iSlft} — ■'JtJ'* ^ <0 Ld Ua* . C— I j +Z++-i ^wi-u W L ft *-? J*L^o 

. •ifl'j* sr^* £-bj O*' 4 -®^ 

-- 1 nf jAT'Ao'U* Yo«A«Y^U Z^N^is'y ^ 4 >* 

iSj^^Uj Lj^sj^q * ^j'^b is'j'-i cSl*aj—. A*j*tfr-! o«-j 

j-< Au jSa_~o Ij jy*J° jl Jk^l o* 1 jb^^l ** <j'*-0 4 ( 1 0 —T ) J-^“ O*- 9 ^ 

ft— j Lo (jSjliT * Lfcfti*—o jA jy° y ■*'*-'j' 1 a ■ > < 1 j a l aa^ l { y r >I •* 3^3 y 

ftS AA jIa A y>-} O lo A ., £ £iU (Jjj^Ia-AAjjT^, A^»-jft^ jA ft..... I b 

~Uj I p. 


•o*' r 1 - 


<jlj-i- AAAA^yO (Jjij Y"T ‘ 1A‘A‘Y 15?*^ j*-^ b -i'^' V 

— I 4 A I— - jjT ,_SjA ^ j (Sj-fc'A ^ fy*oy lj ,^%-b ft^IaS J Ao < A ....& ^ Lj^J J A-o t _ J _. I 
• -^is* (v' 4 - 4 ^JL>^ b ftS Ij tf.yr^ i^bsaAlA k_J-cl 


. ^ <\pb > Smith »—<bS \S . j - ^>L* l$ a ;. K a ajJ^s a^ ^a >iA« < 5 ^ — YA 

.^TjA 4aaL «aIa j* $ * Y Y J-®* 




&S.L 




N j 1^111 


^ isW^j'y’ iv -t 

• J^-w j^L yt ‘Y\ ‘fir =Nl 


• f-^ Jy j* • c**i u *j kA cW c-t 


‘*A*-*v* 5 u^k) tr-^*‘ ts'^-** 

Jo*, HAT j 1 ) C—j ' j£)j< l*-y 

*^k- rt y^i • J^*r° cS^*-*-* (.S^jrf- jr^nJ* <5^ •>' U T ^ A J A A m 

1, q,L **JbA Ji *J <-)■*• i>?' ■ A —^C5* O** tsy 

lJ —*—1 (1 ^TA) «•*>- «* U ^ Ay j*yi l*~jr ^ ‘ a*« jU 

v (vjJI—t—T j) 

• *StSjjW^~ l pr J-fbj+i. C *±L j\ Jlii* a^*_ 1 

*S^,T £^4* (jo^-aj.4- j Ci—I ,jL.i? — T 

• usrr W 

• is'a^-a \£)jt~ — T 

J * ‘V } Tisk-v t> 4 » ■ rAr &*jr- *iK ,, *v -) &))£ j^ t 









cSLj-a (S'L* 


99 


tS .J* (_1 jf>- La I • C-J. I ^ L LlIo ^ 1 «-! 1...« i£jj* \ A U ^aL^Io U c 

jl —( ) T—T iJ^i) J •* u ^ - 1 — ^ A ^yALlo ^-*91 3 

j'o^ " ' < V. ' *-f** L>- |V J j U>*^ f-* ^ *4jl JJ Id- (jlf-JjiJSy 3jO*^ 

L ^ *fc , U .i. l^—i y. .\f^ J I li J j L <—bl*j b. !,«.-»■ Jk^b j ^ _J JkJ j?£ jl^ii *4*—I 

ij 3 j —J • ^S 3 b jl . -SjS < ( jA I . " . a L ^ A". -. A ■!’■ .« ^ ■ o *>w jl ^JLw C... > - L-a L V- ,4... bl V j 

csLajj—j) . jjS 0*-f 


(_5—«<> *i^L «(jrf'j- £U^.1 j jLj lS^j^* 4 (^JjS 

jO./t' ai mi •XoLw < A-Loj>- (j-l • •AA*! >" w- i i ' » jSLu j'.<l t i» = 2 L (^IaAj—.-AAj aS |»- . '.S' 

a^^IL . eu~ 3 jbij jl 

S Lo> A-^J h (J \j. \j l Ji\^ M ..f ^ JJj£ 3 £jj— £>j (^IaA^—A (jlj- Ij^y fc - —. ' (, 

. ^ J-i jSa^b ^IL jJ oS \J <_5 1a—^ 1 jbT 3 jLjjbJw w 



1*3- >■ j^LaajIj ijL aa^j,.*. a£ c—I A^iy*J 

L (j-L-sl ^ ‘ — ■? P4 -La>- o—I .. 

jL j I J ^L < u » il (j W*- 3 cw- t 

A j_5 ||J(^ iS CJj? A 


S^*»- j'' - (>«' '-‘T- * ** 1 ' 

'r j* 1 c»' • f J l5 ,a;; -* a 

1 ^r or? 1 o>?-- r^ 5 ^.•A 




^ C5^— ■ t5*‘ x:; - 


p-n j p-p ‘ n-n. ^ a: 

. AaI 3 J> A_i 3 b m*i; jj « 1 $ I A^.W. A t 5 Ia 3 C a jL j J jS I (J- I • i V’ iii mA jl n^.; 

^ J? 0 *" 'j 4 * l ‘- fi> '-^ (J jj- 


B i0 i(A,Z) — ChA — a g Ai — a c ~~~^ —- — a » -— ~j^~ 0 T Y — T) 



,L>L 




( 477^ 2 )^/ ^ ^Uc, 


JjS^> r \ J. aS 


T 'l 


{S ^ j - **-!*?■ = fl V v4 
J (jr ^~ c 4-L^ = —d g /l* 


‘*3* >5^ £jj lsUa^—* 1 ^'^ 

■ r^u5° 'j (-) '-^^ j: 

- - c* 

* ■ 


: ^ Z ^ ^ j?l »S « C a-L*- = r) 


■ ?***& r-j j^j oj ] 


ijliC jiAi 9 l5j,r' ‘ 




dr 


(-) (^') 

(t_aJI). c^-,1 4J-; jl J jU <~-*>-\y£ £ jjb*s»SiS^j£ : IT— Yj^ 

■ ajLal r ^ L*ia^ tj ffr L>^>a- lS^jj ! t 5**ljjU £*jy 

P Ij jU J*-;L- LSj>* C 4 ~.U« J^kiaa- . J ^l«a jL g -jy ( v) 


<S)f ***** ^ u—J/ T 


5 < II.. . I a. v— ■■ ' , a5. 2^ ^L L c *jS Oj^oa. Ij A' .... ft '^jiK 


Ze 

p ~ HR‘ 


(HA- T) 


(>Yo_Y)*J->U j 1 ^ c-J ()TM)^jU <5 

. J*T^ o..JV< (UY-T) e aJ^l*» j ai*»^ lsLk 



cSgjJ 


. 4-.Uv.j-j ^**<3° '-> A- J j 

(*■ * — ^ \ t — Y) iJ — (3—* 1 r —*~ 4 —< <S}jS <-S- a . . . .5 ,jo y> 

* 4 j^ '&bxr'- dr >^»LK*a^ jj<jA^jil pj^l ^ybil • A-iL « a*T A^»y- 

( vlT- T J^) A^La.i-ijS^LA 4*}l jA lJ L 6 »l t e J S' t5 |t7T 8 p jU *SaJ ^jOji L ^y,y 
(^ TA — T) *aJaU# jl aAli^-J L a " ...., a aIa- ^jy°o«^ . a j£ U%» 


|irr*/> • 47rr* drp • 


“ST ln, - T) 

LT^S * :; -- a > j*> A aS’^'ajjS J>j < ,_yj. alS\i*A L Jjjl^jA < 

is 1 ;—< 3e*l{5R) "tSj> 1 -Ay» ,, 0 i^L e al*». JL J-U ( m-T) - A^b aA-i 

2 C*' jr^ U • ( *A** 2 = 1 u ** 1 * 4 jl>* ^ *^) cu ~' O SriJi j* 

C-.J4- >. ': «*- •> j»bi ^> „ .>. ^> ijS |»-ftj-» lSJ)^ 


32(2- l)* 1 


Oto-T) 


a/v*U.(ny-T) ‘JaLu^a I J flc A~b o'^ta*' (*-' ) 3 (6-0 C '^ L “ La**-li. jl 


a c =— — 
C 0 *„ 


* 0 “>/Hi/tf 

a c = °/fYl^°/VVMcv ^jIa 


(ir> — v) 


JAlfcjA^^JjS *a_Lj»< -*}-<j* c?** " ^ ft j ^: .,... , . u~*^ c^ftL. 

• Ayi^ yalfe ^yu. o-^L L ( STY—Y) 



ji&L 


Jjfij (vM 

•jO tv—t) y UJ^ b c-i .jL jU 

‘ ^ ‘ **—^ts° if)** i5*y- 1 '^ o^’y j* U-^yjj* 3 Uyjyy oy ■- X * J o^ 
cSjy 1 j j ‘ f* j—T—To^) *«■**>■ ^n >A; 

A 4 6~L*£>L*J 1^5^1—li* la jl^aS ^.. ; 5 ^i ,4^ L»^ . .1 ~..t L I j jl 

a-^iij j'yy* j - 1 oy-^y J-°* byt j j^U jiy J^^s* ji 

jj, ^>-f ^sUj^*; b b~j>;y *5”<yy ,jJb . a-iL 

o 1 — j ^yy tsjy 1 LsiyJt*. *5 * (f—Yer*v j) 

.^U 

jIa>*i L A ^ «> j fc St ls^ ' -- -^ tsjy' o** ji ojUc ^jlis f±c (jjy»l 

• 3 j j—* ‘ 3 ^3yy o 1 ^* 1 tsj^3>' c5jy’ U z^N^ysjt 3 tyjyy 

J—-a-j u >;jj- v ^rfL |.jj c 4iMkA jl Ij J^l **i-A f**lyv jJt. c~»i i 4/2h5jb-« 

lt^ * o 3 yy^ 

A^ = ^ + r Z = \A~ y l* v = J(tf-Z) 

jl cu-,1 C^jlf-t 4 O-i xaly iJtj+iS i3j& jljju j 


v*A = tftf-Z)»A 


im-T) 


usr-ijuVj^ (•'-^y>tsjy' *£ *»y • •*£ *i«-il-( y) J^j j olyty i>' 

\$1J—*\ ' *—-l ^ TT—T ) '—'jU* 03?" • J 3“ d * 4 ^ vA ••jbijUf **b 

L . j »- jjb ly- j*S f\[ = z b ti-jfc*- * * *~g>*a Af ^fcZ b > * , m “* 'Atf jj?"***.* 

^ ^ I.V»'.. »i b V . '« |IL JJ 4. ' ..~. a t^bfcj^y *\fbf ijijj* I 0 T b *S •Em%x ^ '*^* 

. c— « I a ~ 1 /^4 ^ J ^ 0^ u *y j* A « £muW ojljjly , «\j o 3 yy 


e tt^yy^Lftj'y ( v yy3j*tsb»j’>; 


, ( j J liL;|.»Xf Ja* 

^Laj^y (j'j^ «»^ ^^3^ 3 V^yy 

- { X ) . A^-A a ii-ali^ 

• jjJ u^i j «Sju^b(j* *“*y 

u —'3>y islyJl*-v o>3^*- J^' j j 

. jyi J/» fxT A tSj>* 




cSL>s ^L> 


Vo 


( c _ f_y 

. i5. j) «A_a ^_, o ( ) TY—T ) "aJjIju. L 

j*j -—j^4-, I j ( ) \ &—Y 


Af(^ t Z)c s = jc/1 + j>Z + zZ 1 ^ d ~ rj 
x = M n c 2 - a v + a* + ~ 
y — —4a & — (M n — M^c 1 —4a a 

4fl ft a c 
z ~T + li 


(1 TV — V) 


Z = Z A c *jf>»- 1 “^-^ ^ ^ TT—Y ) 'oJjUa , ^ =ctc 

^9-tj* !**■ Nt A e^- 5 ^ **) 

I j (v~a 3(A/c a )/3Z = 0 \jr~~y b ■ ^ j t5 b '.. 01 t-Sj ^ LwV 




12 ! 

2z 


Aj2 

1 + ifo/aaM* 


(irf-Y) 


L . a^Ia ojuILd < (^ o_Y) »JS-i j«i -!»> U W- 6 Jj>*y 

() Y'l —T ) lSaSaw t£ < \{aja & ) = 0.0078 x~ib I—a«AlA 

L tfa «ij^> J 1 *!*. 

o a ^ 20 b 23 Mev (1TA — T) 

b N — Z -U»* j' j-b Ja_>j- ulj^wl o—S aI a ^ Y'f— Y) ^jb-t j! 

a£« u-^J&S.Cw* cui*vZ = /4/2 

• 10 ‘ l ~*“ * Z x = v4/2 Jtf L |*Afi 

^ 5 **- «ib (1 rr — T) e 4J>ib» . 3=0 ‘ «i> ts^ b (jUjbjj-l 

IX. .I; . i " **t I 4 AX A JIA jjbxi yj A jyt i£b (_5 ^ l_tJ I ) Y ) ■»> jA iS i Cu«l A j t , I fl 

J?l dS (^ *_f (J li v )^A 



<3L m+As j (Z£> 


Y1 


■ + ]^Z C> T J*£ M(A,Z) > M(A, Z -}- ]) (oj^SJIJ^b, ^Llj 

To (Kf-r) 

4 -Z tS jV/(Z,Z) > M(A, Z — 1 ) ^ 3 

■ ■^yt'LS* Z — 1 




(v) ■ V^A ^ lsIaa^a ( 1-jJI) . LfcjL^j-l pj>- l5 ^-» ; ( ) &—Y ) 
tsU«j_Jj s ^1*4^* ij^JM jjy tsU ^jA j . £jj is A L ijUA^jb 

C^-J^A l jf** jj . C-Jjfij- <jlj>A^A ,-J^. 

( MAA* Evans*jl>< L) ■ >— 1 1 Mev 

-^** J J / l£^4 U ijIaa^-A eS r. .., IA —-*j ^y rfr jtt—j (*—»J1 ^ — t ) J—SLi A 

Jii , si_La jy & — 2 *iL- yji ^ I jl g^A ,jT (_ 51 ^- ^y*-) (Arlrf) j 


• M(/l,Z)>M(^Z-l) + 2m 0 ^ -^1^ Jl* 3 ' 

• ( T—^ )**JjL*« s. j. L^-,1 OJJ^’ Oj£“ fjfr m 0 o T ^ 








VY 


^-“ 03^ ‘ A =) I Y “3 ITT J* J >>y J . c~J a a w-**^ ,j-l C**“* j*-’ ( 1 o— Y) 

‘L-A-J jl jA a£ AA_l AAw*j>lj (jjAw Joys 

6 A L*J l(Jjy ‘ —=*j^ ' ‘-*ib»-llj si j( <jX~l-tf Aj- ^JL- \ 0 ^ ) ca~I 

• o*J 

4— ^ s >1~3^> (irr-T) , *J-»l» j^Ejjcs^UisUj^icfi^ 

A A-w . I__^l 4 A-i A A IA ^LiA ( ^ \ A—Y ) ci^-i jA 4 .<ytJ t-Sy . Cwl 25 Y ‘ »^-At 

A_lj -— £jj jbjjJ i>!‘ i ~^ ‘ ' 4 -*L; jAi>- 25 ^Aj* 3 '-fr-rf* * -*' ‘L»aI aI^Ia* 


t j3> l ' . ' ■ «. « 1 Aj lj« . A*wU 4 " . m IA A^»^ AwLa ^5 jl Aw L A^j __ A^i C AA«w ft ^-A £f lj jA • ( ) 0 —Y 

ts'^—< (A—Y i <Jj^ £<s~ N 14 i H* * Li 6 * B 10 

tjJaj Jau_. jj aS a—I ^Ia_a*a jLl>-L jl^y-wU^pl jl t£ a:—I S~* jLw ^U a1 w . a 

tS 1 -A4AW6 jl tfljw aS AAA^y J- U ( V 1A—Y ) J£*i • 

^-S j 1 u)s*jys 3 uj^ 1 lT^'-S ^ t5j^» a-<<a~J jl^j- (I Y'f—Y 

• ( Cu« * YA-f Jii ^ • J ) £j r* J ^u*- 1 



A 


4 jki J A- ^Ll^w f Y J^ 

( MAA * Evans ‘jLJL,) 



vr 


A7-.fr j(Zj> L 


jbT . 

<-sL_* olj L a~U Jy^ \j{ 1TV- X) rr~ 

V-jl «jJ jl 3« O—Lrj'^ 1 ■ j;/ C-Ji- Jy>-^ 

(\ u =\T \ Mev • Mev ) j* j-^jLc U>^e^>^. j! aj^»_; A . ^a- 

a v = 14 a 8 = 13 a c = 0.60 j a = 19 6 = 34 jA* 

a v = 16 a a = 18 a c = 0.72 a a = 23.5 <5 = ll/,4* 


4 jlj . A-iL ( ^ tf—T ) iSjA' 5 °w^3j ‘dlaJ. 

jjli; B&ve j J A-bj-yn p-*~ ( ^ f_Y ) J£i jJ . 15^^ tsV J 

. 0*j 4 A^, 4 jlj 

,5-*-! l_A* V <tS'Ol Jj-A. Jaj-.y, *aLj» I J ( ^ T Y—'T ) e Ajjlto /I 

<j'-*4 jlj L »A- jISa^ [ (\ To—T) aJaLb# ] ojAA csW^jA 1 

1 V—T) J^* .r 

A S n = S«04,Z) - S n (A,Z) . ^ r)(Z,A) -y(Z,A- 1) (1 r A - T) 

) tf jAV 1 a ° 1 YAf cSjA'cA'i* 1, 



•OJAA|^ IJj> tiUrrijA' A-—Uw. J A~~liu . \ y Y(J^*« 

j^UI L ) . CA-,1 jISaT <JjA' ^A-!}! 0 - A' 

(1 Evans 




tf 


Yf 


. JLel e **b \j Ja, L *S 

1- y ^y^ u* 1 • *y j K V > ^l^JU ^ Jj 

^L>^1 aa-S^ ^Sj>- ^T jJs^ <s iJr , *S j U 4^-jfc" *a J ki" L5 b_Ly; 

L>“ "'**■* 4 - ^ * i5*^*»* CA*t£i ^jUa^a*- jl iS M, jA "Ls^-a^o a A-JLc^I . aj^A- 

• '^-“l 1J >< ' ^ 1 - 1 ^ (--■*'>»■ U V {y—a) 

A-4-*—A jA A^j-^o Aiij ,_>— jbT^ a J Ju> 

A^Ia Ja- ^1 jA a^jT . c_«J ^liA^A jLa-L (Jl*JJu, j AjIa 

* • ..■■ » ^A^Jl: A jr jA Ij ^ *A*>A lsU- *s ^ t5j>l £fj- f^- 4 - 

• tJ .. * ^ 1 "" ' is ^ i_gL ^— i — i S ~lj jA i_5 

: jw* Jju o_r 

j*' Jj"^Cw'o^LTf^*-^' cu “*{ 4 >f i Vu 2 ^ CL **jl°) 

U-JjL a^L> J^laSA^^ILa^JI,Ay: i y.aj> v ^; ft> 5jjjl u ^ljili_* rt J^:a^ ( _ s Jj^pSJI L 5Ujl^|j3_u 

'-^-S L , AjL^ AjAa-nt^ yb^lj—I jj^SJIaI AjC 

>i*4—* ; J J-“ (> 5* i /**” ** ly*^^ A A-C A*. Ja~ y; A*^] jtjj* < j»-AA ,ji-bA l5jSj* (JjjaA 

J * / <5^ b v$jIa- iJ-j^'jSAAJ. Htot ^'b 

^y^l/AA^^Ia^/A^ (fa_T)j (ff_T)o^lAU jA Ijj^l ^y^l/ j^a . m 

* 1 > i (y* 4jlj yj ‘aivl ; iu.y J5 

«tot = * + / { 1 — T ) 

*cJ aU*jaa£ (a-m.1 y(f') ^ l*i (jl*^iu» a Iaac jl—• n ^cUJ> ^yuIjS a ax jT _>a aS 

•A-i^^jyiJIjAb * ( r -*jA £»b >-o *-b* j 1 ) 'A—' { fA—T ) 

. AA-ib J-Llu b~;T j^'a A^b j -^ 3 <3^* ‘ 

<£ * *~<“i *v>»1^>-jA A^b >a jLi *£ a-1 a b '*^‘t 4 Oiyy , - * , “^ j' i_r^ 

aJ^aaS’* a-; 1a^ IaJT ^b'jtsVOj-l j J > tr’j'y j j • ^'^-ib 4 ^.Ia a^ 

aIa« laJai *k>^L ^ . ■* .< » . i—^I a (_$l<Cn.a ^a l>- b .* !> ,; y~y j-» 

A-L^bjtbi. "li>A aIaj! . a-iaj- ,.ly: ^U (jjlA*b b T e j «A 4 T (y-y^y* 


11 — Bartlett, Guggenheimer, Elsasser. 1933 



a* iii.ft j 


O-J—' J SJt\^ ^ j 3 Lv -<vS J^yb. jIj c^-w^U-li! 

^$1-kJ^-jl-S< ) ^ j' L < LJ-—»-°Jt> • J^I l^ 4 -^ J-^> 'oJ^I jljljjjk 

tj .. ■■ <! ^ W <..... a i (j L f .. ' , 5 1 j Uu 5 j —« ‘a—ii ....a J -i-o ^ Lace—ft ^jJl^U 4 ^Jas J Jus jl (_ 5 ^>y» 
tSr;^_jly ( ^y»-' *5 Lj**ul (_sy j-^*t_j ^ 4 * — - a > i -^rf j*i lf-jyJ5y ( y-5 y® j-; ^ -^yr «■ ' - . ? « »lj 

. jIj i-.>.^w ^ly, flJx^-^Lo JuU i^ 4 -^ jbj-L 

a-^ f^^LS 4 I ‘-Sj-^y kb '- — pJ-& J-4 jl i yy j—t-; v5jJ iilj- 

J 1 lA- 'j f^—*— I^J>*‘ / >—^s-i-lojT j* jj 0 T ^yjL* 

vt u t jj 45 r^ki 


^ - 5 ja—fiju jSL j5u L cjjji4_, 4juu_ ft 4-4 j j j LftjjyJS^i ^...5^ ^py • >* j£ o^* < 4 '~-**'^ 

O j -* l ^ y '^rt lijy ^ y^® 1 ^y*v ^ . j-i L t k>j jy* j-t ■k—y* o^ j 3 - i -*" W 4 -“* , l- i 

/l jt bjljjlb-, AJ>V_JU b5 Jj5^j« ^u.-w^y-u-u ( ^ f 0 — V ) * 4 k «l j« 1 ^.; j<y 

pL fi-d- t 5 U" i.... a> i> slj^ c—I 0^“ J jy*-^' (J^ 1 tS / o^j y-y^y^^ 7 ’ l ~**”^ ^yk’-J 7 ^ 

. cuu,1 4" ..w. ft u luU 5? u ,jUj J^ x>- ■ J-ik J 3 - 1 J tJ-fli/J 


(YY - T ) —1-iU. ,^ 4 * j' • «—* J-*' J oy^y ^r- y o T j j a 


; l ^ij_,AuL ( AT— V) j4=>- ts'ikylj. CwI Jji*. R jl»,l4u ^Id-u^LjJ u^-iSy 0 y 

JuiL 


(m-T) 


• pj “ 4 Uvs , 5 jSu J 


. J_ijij5~^i -rY 





J Jo- L) eS 


t 


m 0 R* 

h 


(m-Y) 


u sr^y ^ ^ir' 0 Lj / uy? 

L jjb I 


r 


A 1 

m a R} 


(ira — y) 


(^°—Y ) ’—yl#- 6 ' *-^j J ‘j I c a I o Li {^jj-; L,*» Jj I Ska I LI 

f-* \Sj^ * ^il jt^S • f (HA—Y ) c 4JjL»> J*i 0 T 4j v-^- 

. j I j >,:> . .■■.■» o T ^ — i-ry^ lS^^I jb^-L. u'>“ •^■Sf! 

^Lj^U-^5^ . jj—» <-U*w jj «l—11^ \ JL jj 

<jjL—^ ->j x . ■*« lj L^yJ5^ jy*~j-! c^Jui<u ^J^L jjia jJ-ol oS c..> L 

l 4__Jj Lb 6Ju w ^ .. ' w ?‘*.‘, ' jl 

*4—Jj I a j I J-«ot—>■ *i j} j‘ ^ ’j^“ ^ 5 ~ b * ~ Lkjl jj ^51» i r-t 4 a ~* *- ‘ i * » j J I ( ^ f ] — Y ) 

. a* I** (If A-Y) 



O 



(v) (—Jl> 

.4- v. ... ^ j-i u yJ 5 ^r — ,_5 la> J jy>-j-. ^—Y 

j 1 ^- B 3 A olji 

. J-. ^Ls LfcjljJ < "^^5° 'biu*- ■Ijy’-j'. 

L I— tbj\j^ ** J-pU a 5 ( v) 



YY 




Lk • Ai_kJI ( ^ ^—t) j* 4o^Lf* 

. a— L. 4 j-- JL*A.I j i a .aL a - l -o liJI Lftjl jj | i> . . . 

^—L * 1 j^- r*j-Aji* j - 1 'j -fl j 4 ^-'j^ o-^ J^ 

jlj- * aJjA ^ L5^-rfj>' * Ij—^j- 1 


a S a_«^ ^jT < . viii .b 4 AA,Ia jlji t«Sjv i5^ ft j^j-< jA ' a " ■ ■ I a^A ^a ‘ J!■>■ • - V - J .L 
jSLaSLL aaJj-a;^ , ^aJ 4ii 4 aIa ^Iaa (,jJI^_Y )JSLi;A j^a- 

jjJ « ^Ljaj^; L^To^ sjsiyj^z *,o cx-ljj 

‘ A . ■ X y. Ij A (_5 U>- L^-j T j A iA>lj A aS A «• ■»■ &< ^>1^—i T (J5 L(b A J"- ^“*“' ' A ■ ' »■«■ 

4^-it a cx5j-i< ( ^ A— T) cxlj a l^_;T j j aS a - v : ' ....L a a^, jj-j-y b 

|*-*x < CwLk^- 1 *■ c ;‘ 1J ^f 

. AjS^^iA yiij Ij ( Lfti Aj^i- J* ^l^Uji ) iS* 4 *^ J^T ^y*") 


^>>- ('—6-T 

<o—I^I oa—* '*■ jA s ^ ,^-^0 aS^jLj J L>a_. b 

‘^o‘TA<To'A‘T jyj* ^ O* 1 ■ *’ 4J -* T c ~~ 14 * 

Ja» j\Jy . A-jlj cJ^Ia < ^A/a^lil l^Ta, (A_r-T)o^v^ ^‘UfjAT 

• <s~jr- '> T >^- a*^*“ j 1 'j j 1 csr^ 't5 ia ^ 

L^ J < (_gl a _ ' «..fl> <S)J jl jy^ 6 *: isr |*^-** ilwb* O-Zy*- 1 ** ^ 

(jlaaJA. ( ^ o—T J^) ^ ft 

. (#-J6A- ^jliA A^A-tlb ^1 «AjJ|»—« j (^ T ) ' J “ iL ^ s0 

OL-jUia-;) L(_:y: 5 j-I jl ajo < <a~J jy>y A A-c -S- ^g^L-o ^ ^ Aj^ aJ=u-!!iU 

. A-lL^jO A Lj ' Loj-a»*o ( A—S Ajt>- lj* At Y— ^ U*^V 
•oyj—* y ^'aj- & ^A-i /aa- "^U# (\ y—Y) J^b. LJsL^j' jA 

J -1:^,^) A-iL j3-^4 AAA lily tgjU ^ 1^-yT cS AA-,' ^bbAJ—fcA- 

‘ // = (jyj« JAf) + ^ L —* ts'j- *S AAA ^je 0 La; ( Y o—Y ) ‘ «yU.^‘ (<\—Y 

AA—t ( Yo_Y) JSui jA aS ±yS ts»y ^rfiL iS l^ "U^i- Cjy^y 

\^\jujy. J--jUy jA ^5-t—rLi-o 'aAy A . fv'aA^y LjJ^U j>>-^ 'j * iS')*'* 


{^^) ■ CAi I a Am Ia» 0 T ^ "^Li a5^laAAb_TT 



c s ^ Lo 


VA 



iS\Sjj* ^ ‘ -*■»* ■■■ * A« aS < jy> j* i5 lfl> a- U ».ft 

(jl— ^jj-^ I * j j j 4 ii a j j^T ^ y 1 —T ) iJ^*“j J v^o ■ j>° j°j** ijLaa, • .,_, ft L AJjl J 

jl Af 1 jj I. <_**J (*-^j 7 3 jV jrjj — £jj i5L* 4 i-** ^t^jJU- Cr ^5 * 

> » -jL i l^—f jjj I J>i < jSj J C-'jLy-C-O-l • Aj L. ^jO ■Xo I yil I ? J .« 1,5 ly-^J L>- 4 _r j JO jB 

. i " . ...I jSL J (j Lft o . ’ .M. ft j I j " ■ ■ ' ■■ „ ■ , > jy>j* l S Lfti ^—a lS ^ ‘aJLsli « L- J& 

^ ^jtjL^lj^ ^l^jJaJUi £iia— aS l 1*^L « Lftj_o>- ^L*< 

Iji-J iS. ■/ |S 1->i-i I ,_] 1 o i >■ I L » ■ .y 1 j'Jl 1 J._ <■ ->aS ( a l aA o ^Lu» . ( Y Y —Y J^*“) J 


< u3yr>' 


uSL, 5 a !v .«_. I 1^5< jJ L»->- 1 j^isA.# . 


r'T- B. H. Flowers, Prcgr . AfacA Phys. 2 : 235 ( 1952 ). 

J—— 5 Li < ^Lj-O . ^yJb l^>-jl jjj Li-^>VyJj^O j«.a ■ > ( tjjl £ f ) l J*>-S*V J>i lj l_ . I k y fl I f A 

. j-yjS Ij (\ Y-F) 

( <_aJ1 f _ &) ^5 . J—T9- 






























A^ 



jUj S<Sj J j-o ( v— & —Y 

o3j—< I o*-?A_.A-i.\-jL»-p-t^-U aScu—1^ 1^ 

jlj-i—« ^1—*-*■ u^^y» J L»v* 'j ( f—Y) i_r^v ^= LjJ jr’ ■ 

uSj—aL_b (jajLj jj,.! i f-j-i £—Y j J *— 5 o'—*■* ■ c -'“-' tSl^-'^sJS’^; 

irr^yj* (*^ ,/'■ o*-< J -^° 1 ^ -9 ' j' 15 ^^ ^Uj^l Ja«yi 

Jx* J Aa lj J A» (j-l. jfc-_^L; »Jl,jL I J ( 6 JljLjL tjLftyjijS fjt! J* 4-f 

^ £ •*?“& u 0 ^ °jy c o*' j J • ( 1 < '—Y ) ‘“J'il-* o '—***-! • 

AJ&l^*i (jJj < Oj),^ i^J .j ■■■ • by < Ajj* o*j-* 4 J '•“' jA * ~' t ~ ^ o° K ~^J 9 ~ l5* '*** ^ f ., <■■■»bw jA 

^ o'j' J -v-U os—--* j' jj«i J ' A ‘ C ' ts'j* J j' J J y?s if***' 


YA — D. J. Hughes, "Pile Neutron Research,” Addison-Wesley Publishing Company, 
Inc., Reading, Mass., 1953. 


Y^ — residual interactions 






• IjJjj-l ,jJ . AiL iSya^, JSa 

*4—J J Lae i (J a ^J**wn ‘ L*w jSt> ^ 1 j— i |Q ' J I A Lm t | 'f y—Y j J Lao J J &S* leJb 

J- - Law J—^ • JjS {f A—Y ) j (f f—'T ) lS Wj'j lsU—I^-Aw 

^ I u(r) = rR(r)n iSr-^ va^^v t . /?( r ) -**" 

-&£+VW^h* <—> 

^y— aIaa^IaIoj-aa> i-SL u f —► oo ij~*3 cf 3 }*'*“* ■*-! • U tSjjj-rtSjj* 

(i/j/Jj /I ^Ua t _5*y*—ljS J A* ^ySw * jjSw-w J ii j-Jiw (_§ l a I n •> • AAs»-. AaL 

jl a-*; cSjLwo /j • ^ aa ^Saa, —T cr>^ jLf-T^ a *5 ^ . / cSjIao ja* 

4-w AAwwIj A^j- iS . £ ^-aU* ,jlJ- Jaii<( ^ f f^_Y ) *«J J Lao (jl^wi jj- . CA*J M ^ LfcA £ 

. L' .. . . . I Aj Awl * 4 w_a>" I^!w J J Aj A L—« t a„ ' ...i aU IS > " . _ . aw-> j jjw I . A jl A Aj - yj 4 Cu I / y ft 
A-*L- j{ A^—Y *®J -iLao) JjS^ye lj £; L jS J I Aft !*(_$ jj* >~ W~T ^A 

.{ «lo_t*«J^L^) A^^I^IjS 

jj 4 S CA-J ijLeJb 4_w-i tSj./'' (JLf-A^ ^Ijw (O y*j* (J^IaSaLa 

«tot iS“^£ c -^^y t ' lS*^ 1 '-^>* jfi*-! lS*"' 1 

l 3 n ^~>r *J iA-JL>y» (jUA-Ak jA . AAAS^ / 3 ( | fY—Y ‘fcJ-iLae S . j) 

< p • s 1 ‘ f * T • Y ■ 1 • 0=/ • r^LS- u 0 ^- 

• / = 1 i n =- 2 'cw' (J^^Y /? aJL> 4 ^Ij-iLa . jISaw lj h « g ‘ f • d 

R -»* i4 -? ^LaoL ^>U jB Jjj. * Iww #L^ 1-SL > 1 V ■ ie O l-fr —L aw.-. La jjwjAaAL. 


( UV-Y) 

1 S AJfc le-fla ^5 lwL«^wA J u ww ■ L^ iJx# 1^ 


V -~- \m 0 coV* { 1 f A — Y) 

jjLt ^oaLaw £>1^ (jI^-L-aIa. . a—.1 m 0 ls' 4 j^ \j\~y w ^ ^—1 

^yjbLAe jo ^Jt . '.» - ■ La «L> >^-:jl 


0 


r^R 
r > R 


(m-Y) 



At 


JUmA J (jlt> Lm 



i—*fj—* (J—-I—- {t-aJI) lSj^t^ ; TT—T 

ijl a_?j!—«_ . JLje>L-o> jSLLy J . .... .b^ ^-SL> jj (• (/{ = 8 F) 



jlr j* ^ J^l J («,/) ^ 

i jl j ^Uw ^ . (^°—T ) v 


(IU-T)j (UY-TjtsVU- 1 ^ j' J- u ts3^' vsl*) 1 ^ 

. Cu> I 6 .x~ Sr*^" *“-* jJ* ft -* l*> (,5 J L*h> • la a j I .i o* 1 ^ ( V' 3 *“AJ ^ T V — T ) 

jJa L~s Ik_j L I . j < A. . .. I j<jSj < a.,«. ■>■ JL J J^gdy A . 

c-jLj. ^y&L^oL aL>- cS^j'^r cs'jr . > " .- . < '- j**e U 

^y>3 ‘-SiftLoJa J !f ~J l^; i^3 ‘ J ^3^~3 

E = (n x + n v + n, + £)/ic<j 

= (v + |)^tu ( 1 A°-Y) 


f°— Burcham, 1963. 





C Lj3 


Af 


v^l 45 aJcu-i. j a**-, n, ‘ 77 „ <■ n x *S 

«J—^-" A ^ i-LoUJI ^sjL^o tSj^ uS^j^ • ^ ‘‘"L j^> j*-*> jIjAo 

jl c^-^jk ^ j 1 ^ 4 ^ ^ lj o^(vTM) 

jo-c ” 1 j v jjj . a-J^, c-j4- ^ a—i_SL- 

• -i-*« L ^Li Lm jj 

(/ —- 0) * S (jlfr-iJU- jrf- £■>* 

^ '(j—*Ui-L J-—;b- oL> ^ o'^ts 8 ( YY—Y) j (Af— T)<^!ibUi ^Lj i3 5 L^jl 

'j 

u = ri?(r) = C sin ^ ( 16) — Y) 

j— iSj^* «V>^ £*'.)- / t^O • c —'* ijrj^-’iri *—><k CoL J 

■ > -—.a* ciJU- S-, ^1 j.* u(r —► oo) Jii * V{r —► oo) —► 0 ^ t^^- 0 4 W - j* 

( £ < 0 ) 

u~*-*r ()6Y — Y) 

- (Yf-Y)Jii jJ i/iV/m 0 = |£| k 0 T^aSo~J 

• C1 -“ l 4 * i - : (“-j LJ*'—*- (J^^ 8 4 V li'j* (J-*i-*“ £.>• 


* «(0) = 0 flSjL-il 4^ilj t+y, ^y J-i5 Ij (A)-Y) j (Ao-Y)^^l~- f) 

. iiL K(r) J ^- 1 j' J- *" ---* A-U J?( 0 ) 

: ji jj^u j’ ft 


«(/ — 1) = (sin p)lp - cos P 

u(l = 2) - [(3/p*) - 1] sin p — 01 p) cos , 

o 1 *^ n v vS•>-*■* V*^ ^ /(fl) 3 P =/(n)nrlR u T J J ^ 

■ ( • ) 166 ‘ Schiff <-5- j) R(r) <—' r 1 • r-* 0 o'-*- 




ki> L 


A4 








oV a - 5 *00 '"' f~ l e~ Kr . r » co isU J *(r) ~r l ‘ r - 0 csU 

4 -JL- j) • I F(r - co) = 0 #jdr ^Sj>’ j 1 ^*- ^k>«>/m 0 = |£| 


•OT-T 


J j—~ ^ ^ u^**^ ( 5 ^-j^K^j L c-JU-jjb , J-ol (3^ 

^ jl-Xtfl t ±£y*s*+ {5*® 

n l m m, ( }&T — T) 

aS t " «■ ■... I ^o^X —S J A-C (^Lf ( — —- L + 1 1,5 jL~» ) W ( I > ■ i ; I J J . . 1 . .1. Lj A .. ; ' . 1 • ft > 

•x^Lx m -i-iL / = 3 jS’l* ^L*. axJ^» ^ ■ >»■»« lj ^ I j x^-*- 

0 ^J5 ^ 3 j c^-io^ ji>; j (-r. -t —i * o .+i . r< r) j 1 ^- 1 

J jj°o* J^-*“0 J f*rf • o-lj-Lx • •*j'j* W, = -j -1 3 — i LsLfc L j-—~ I i* 

^ ( rr-T) x~l 2 X (2/+ 1) Ar- ^ L 5 ^ j*> • x~J TxY=U 

■ -* j -1. .. AJA J AX i A iu 4 A 1J l— ^ ..... Lx ^ J ^ I ^0 U- jl jjfc L> I j J L*X I 

tS-il—tsj Loy-aj«0 i5jl -X-Tf 1^ A - ' *■■» 8 1 A-iL j* !}L IS («,/) i_J L- viL 4l?jA aS jUiXil 

J- ■ " c x.x> 3j i$j^l f*7fj£L® JXjJ J c *»^ £.jj aIa^x Ij-j « axL axxIa 

i Sj* ^ lrfjt5 jj-^ * Lj J if jt5 ^-*-f ( 4 AiJ ^ (5 jjJI vaJ l>- b ^ >_9K ^ (^j j, 1 ' 1 0 1 ■ 

a 1 A_t I j Lx T i I j—? Lx . ax L |«S aJLsU a S" ^a L lx 1 (* a’. ...,&> *>S »^ (5^ 

> " ■ .1. A cJjy^CU T ° 5 A ‘ T j^j 4 A I AX I lu>j$ I . AAA ^ lm I j 5 A_j L jyajB 

.A-yi^AA.A (^Tf *AT«a«'TA) j'xa^L < ( A „ x ^ k>^L lj TT-TJ^J^V 



C 


kt 


u—J • ('j J-^aL, aU b ( ^ f <l-Y ) J^L, /I 

a aUaJ l t J.... ll ; L v i>l jl a^Jjl . A-i aaI^a vj> Jb^ Jl 5 Lil 

±Lj<& ^ JlS » J^<y j^o* ] 3 '-—“ Jl V •j j^>>» ,oU^ A .;,.. .1^^. aja 


aJoU . 


jli»— Ja* ( £<&-T 


pb-S^i_a a_£ aja— i 3—*3* u** 5 3*" 3 u— 3 ' ‘ J—“^ 1 -® • j—a^ 1 If ^ Jb j J 

a 5 AJa^SaL^ ^a .^ b_jT . ^ jjj ^jT b Ja* ^Ljb >.: • .. !a t, ^bS-. jl Jv ....o 

Ojr^y _/* j ^ a^wl tS Wjb a-ili j ^5j l*Xo ^ b,jl j c a_;li; A_,b (j^s ,jijS<-b 

fl — ■ — < 15 b j ‘ lS la^j1j t-5 LteaJ bj (^51 y* ^ aa cJl> ^«^JJ l^S i ’’L*-* lio aa 1^5 jjJs . A_ b a y^y 

a-J^cj-a^ s/j cw- 1 3 ^ tSj'^ tsWj 1 ; a^lSh t5j'^ ^ J* ^ ^ csko'j 

AjAa*> jjj aS A-ib A_,b 

y = /+i L , = /-* (laf-Y) 

^ j ^ |° I aSjA b jlii-e \ ‘ AAib a ... . I J A y-} jl Ao .— 1 _) . i ! ..>» I (_J ji» uiw S i- 5 L 

^_5 jIaSjI^< j j • a^a^« ^_ 5 jIao_ ;. ».>» I ^S d j tSb t ~ * c b ,^<1 aliT < o« «. I al^«j& j j I Aa o 

bjy>jb i ^Ljo . A- » ... y ^ ( n,/ ) aL_ jA (^^-b ,jaA-Li «i, «A- tj j jIaAs . (jM 3 

aAAjo^lio J^ 4 -; * 1/?^ 3 1 p^ ^^AsLIa € [p < a- f ^l 

j\J 9 J j.S.'y- £ J I JjLo Lrf j] y* jy J & *^.-> 0^1 J jj-i J ^ 9 U) L/ ^ 'jj~* ^ y* Lfe< V l*.«**. ft &S C**til 

J ..“ ■* ab- i, t£jy \ ijLftjl jPj^ b ^jSasISa ( y Y) 

2j + 1 (”■/)> '^r ./* cslr J^' • JJ - ft aaaaj? (yabia 

m v h lSj^ l 5 a^li, jj> , i^_,lio Axl^i ^j > ca-,1 

jjl jj eS c-»l jy >~o tjb jlAAol jA 

m v = —y, —v + 1, —v + 2,.. ., v — 2, v — 1, v ( 1 AO — Y ) 

1—1 1 [v(v+ 1)]5 /j t5'jb vA JSa<v tsla-jlj *«jK; * (^'j j J - ft* 

L» j—b- . A-iL(_5« yh ^^bMj ^pfjia (_jb—b < -^b jb^« SiaJ^ ^Iaa-o 

. b ^jo ^ I ajj I j ‘aj 15 b 'j * ‘ *’ A ‘~ JU1 



AY 




, 3 — Sj >— j—SI oS o'j-^ (Tfl - T ) J—^ jl 

1^, y>yj jytja O I -i-C I jJ (_5-J-°^ LS lii i ^. — S jo. . k ^^-.Ln ^ jl JLo 

-> j—£. _L*, ^" l j. jo^s -i ^5 /4 L ^ Lfedi^jh ^ '•o'j ^ u°> /' ‘ 

4 cJl>- (,5 | 1 M 'I,.jL ^ ■*■ I ^ J.^n . i. > • (3*^ * -> j iVr !_} . < „ ■ «" ■ ^g-" ^ ..I f y, 

(_j —*\jr us 1 • ^ T L5” ^- J4 - jl±*~ U—-1 Jju LS^^y-^ J Ud^A ,jJ 



ff— R, J. Blin-Stoyle, Contemp. Phys. 1: 17 (1959). 




&jt* (S^L* 


AA 


(jl — ^ j J 4 'I oJ jl-i- ~ tS^!!il J a* a*L_, *iL 

‘ ^- - ‘ * ■ 4J j ' J jL>* LS*Ajj aLj i>r* ij^b^-IL (^bbjl ^ « ( _ s —Lol (jlfeo-il 

^ jlk^l i ajS JLaI tj 2/?| jl^ JL ^o ^ysJSy j^t eS*Ajj 

J- 4 jj~i- ^Ia** e*#L ^I ■ r^j 1 - 4 o T j- 4 ’j 

* i ^ *Ja*-^L* Ij J£i) tjJ-o' <jIa<l,^ ^sl^jlSLi ^jS-a^j 

• ur*** ) u~ ‘ tS j>* L; lij 1 


/*a (4-A-r 

ij Ltbj^i j> ^ j'j—.- o**- 1 tf'Ol J^ ^ • 4 -^-y» 

C—.Id Jui «aIa Jjy jA *S ^UaL |» kiL)t.i**« c^-,1 4 AA.Ia ^Ai—A jbj-L 

j— If L lAi 1 l> jA J^Aj C-J-j *-5 " »,..« A l y* t£ JJbJ AJ jJ Jl* jjjj I < ^Ll* • AuiL 

,jl— ^^JSy, jl aIaj^a L « <3V J *•■■ .. ■« fr 


^ C-1 ^A^. Ai l —* ji*° Lj—<"T s a-L aJL>- ^j , . ^ .»1 *S a_^A^j* c:.«.t. * »- pjb L iSj^ 9 ,jLj£< 

L- ( jL_ 4 -j_j!J Sy *S jjlj oa^a-*^ 

mi ■Jifc.if ^4 L> |4jh^ lSu >A^L i (Jr?^ Llj . AA A ^j* £yJ>-^ IJ A Lai* (_S Ia^ jl j (,5 IaAJ ISb 

Ij —' ' • > ? -Jj cSjj- 1 ' a-** 14 *? aS « A^Ai. (j^sJSy jijy»_ fbjrt*: ^ ^4- 1 ^ i -^A ; 

J — " aA * jjt j' • < jNi-ijS •*j>»-j-? (jrV— t Jtr*^ j* 4 ^** ^ 4 ^' J A“^ 

u“'j- 4 * CAi 4 * / j lai# ^ tAj>' (j?j>; jA^*t><' ‘(Aa^ 

jl a* t j— J a* Ja-,^; iSf (A-V-,i A /) !iIL/ ^>--«— IL (jlAjl^ I J-Ja ^ Ia- j a—< Ljj* 

«A--A Ajj t5 y4 L (jlftA ; ... ft> C-Jl>- (J ly-» „ » T » -»' jA ( \ ^—Y(J^*“) ^A^lA* iS^ (J*^P 


1AV‘J ,4 u^ 1 ^A ; *-£* J 2Jf J" 4 O^^A- cSj>' * ^ • « 4 -A“(J a: 

aSaa^jA. a-11^^5* \hi£ jA »A-icAL>- jA J 2^t(J> s -^A ; ^ 

• J ( > 1/iV J 1 ^ J J U\ j's 


fS isjj* 1^~* ^1a>-I j a Lj aj ISj (jl^jlibwi-l ji \j* aL j L (j 1^- -J L>- ^1 — 






«^L ^L^U- iS^j* I Jsi-c( i_-< tjJI) . y f— yJ ^- 2 

. e~J 4j_i f—j Z L '—^r- J > l 5 /I U ^Uba^-ji. 

u3 * ^ v *“^Jt J j*— A tsU>A^«A> jJ (^ 

4 Y» - A 4 Yjj*^ jlj^l /:U J> r* J > 

1 _ ) ~S Cx^” 4 J * “^ a >4 (J* cS ^ *rr ^ J ^ 0^ 4 ^ T Y ^ ^ AT ‘i° ‘ TA 












t u 






}l£<u-J C-»w t£- b 1 j '-^yj u®'^ 

. A-iL 4 ^Ij 4-jL»-%jjLjiL o.jj*-* ^ 

&-t *1 b»- 3 *lj- b >•— 1 b*^ A-/ ^_5 I ^1 J J*a J, — '- l*' y - jj b tS 4jkjT 

••^y-t b - ®" jr*& 41 ' m ~ C ' J , . 1 ’ .. * L j^uSjt^yi ^Jb a_. ^ t51«t Aj>- b q 3 f .J R 3 .j 3 *1 < J-i L 

O bj 6-; . A- . ^ *1 jyj- |j-j Li^lfcj !^»J J ,j tb I Aj>- b A,b ^JJ*. KyjJ < i- S -.,.., ^15 ^jb-dL; 

•*■*^5® l_£** *^*-= , 3 0*1 • -^'-rfcMT 'j £i-&* O^*' b ^b £3. £fl^ < 

l 2 h 3 l x h Oj 1 -^ oWj'j (t) 3 A-^b (n,l) eJU- X ^a < 1 ^ 3.1 {))*$ 

i, L lj J jy- j- ‘•‘■» ; c^ljj < c-jyo^ IjJ . JJ-iboj^ A b< ( ^TY—T ) <JX, Jj-.Lhe 



(v) (^' 


.0 ;..... O^* 4 -^ b e 4 J-A l 5L ^ (^yibsl uW^*^ ^ * TY—tJ^ 

— tsWjb ob&*-X b (jjbsl ^j^LlSy 3*1 ( v) • UJ-^ 5 J *-£f ( , -*-^) 

.LSj'y- Ab 

A——ft ^yitoo A*U XL . JJ J3- L y«_ t y»ib3S tS J t O.*i r ; C yl j l*ic^-J.3j ^1*3^ j?' 

^5—jwA'lSJo-'’ 1 .A 3 jl ,3^5 3*1 o** L-U 1 ^ ‘ -^^b^ Lrjr-S 

■ L-v-^^ o—** ^'-iJ- 4 _LpU jl Jii—o bw>»^ b-^Lr^f-kj-r isj^l ■ c -*~'- i t 5®- j 

■*y?> LS—J A3*- (*■*■* o’-^ J J 3 ® U T J J £ 3 * ‘ obj 4 ^ 

L 5i4-.3lj c <L;li; L slA J l*i <r . t sL t -- j £z— .j?, L&^ / t + / 2 = Ob l^-JU-A-, b aSc^Iaj 

*13 9-3 (J—13b *1 jb J-o! t fk-'iO3^ ajLfjb 1J olj^ 0**-“' O*' J J u^"— 

^Ujlj ^ f ^l^b*-. m ^jjjl^-il^i-clb I j («,/) ii-3*i ojbl^>-j J 

0 Lao 0* ld5 ^-^>* ^b b 

• ^ rr* (V^ ^ b ■ 



j (ZO L 


4 , 1 . /i + 4 = 0 W j^d-M 4^,1 J 

a -- 01 £^*-' J Jj Ajl Ij c*' O^cs® 

•^- , ^j»b$ 

J^\S" 3}**- O W*** ^.5 Jr 1 ^ *■—*«* ^ ® « ^ ' " -' a Id^^ld jb, J Aoj J> aS^jSj J d^.A>- 

‘■ ^ ' .. ’ *■? 'j ^ ^ >b^cO* • *——' <L^a £-.± (5^^ L^^iJSy 

J-iij «l -)Lj Oy~^y <S^J-f / • f „ » • *) diL»l d - ' -.1 . ■ ^Uhiw^J L ’d-A—Jb 

aa!^ egljlj 4 —ia (jJ'^ jj o T cr A>t>' j 1 -5 ( T6—Y 

A -‘— r 1 — 4-^1 v^* <J y>-<j 3 -^y ^ <^*j£ *- £ ..»■ ^15 i»UJ jl • (Y Y—Y J^“) 

( J ,A ^?v"'j'^-- c U 3 U3~^y O'* ^ ^ jl> j' ■ ( '-»-)' YY—Y J^*“) ' i -j L 5° 

4_^ ca-~ jl£ JAlyi- Jjl ^ 45.3./^ <-So lj * 1J 

O—(f* 05— ^ ^ 3 •* a: ~‘ Jb V^* y ijjijZ ^1 

'-—{ c^»jj /I OLKi-o.l^ (jJj) jl-»- ^ 4iil - a J ^3 ^ 

^ (jl jl J j£\, cujL aaI^j>- jji^l q !j , j} . -i>i-L*l^>- 

L y*i I-i J^-Lo-; I_ji dS Jk*—.j *i* Jl^ 4 *i «JJj£*jl«^ dulA* L i_Jj ^jl>-4^ : 

■ •• - >s ■ * jJI . AA AA I ^>- Lflij t A* L5®^ ^ ^ '-5L C A c L I j 1 ■ A 4 L 'AJfc ^ ^_>- A^-“ ^ . ‘r M - 

j- y.j 'j (»-<-* ^ W ^ u^3 ‘ c; —* O^* C^“ j' CJ^*“ i_^* J- 1 ** 

■ r^L5® 

CA-. I^jj IjL; jy>*0 vio (^Ijl-J tjbi- <S^ A_W L dS t I_jSc5Lj.I£o 1-^ 

< ^ jJ — tS ^ 0> d " » < .» j ^ ^.S jL>»w (_5 ^A dS Cu« l <—J i>- 'A«.». m9 l j . '-■■■' I !_ /* * '* ’’‘' 1 0 

d ■ S CAJjS d->v f "—f \y A.« ' 1*><i • * A ■■—1 1 d A-i, d Jl_.A 1 —S-Ja dSi^jlj -i yy 

, J C dlijL J5bilJ. M« .» ^5 Ia ^ i... ft J■* 


■ ^js*' ■ J jy '-““' 5l ^ J*j 


i_5L^.^iS Ao-^ L Ij t,5j'^ *— 9 -.-L 

L Cwl y, I y jlj-J —^ <_SL I m.^15 


3-^ . o'j^J LS^j'j ft) J Jy*Y—*“ CAiJ O^J J ^ 

L — djli; 


(Y6Y - Y) 





u 


’j /(/ + l)^ 2 “• IS -i--t J-a- ^ 4 - Jx. JL j\ ^1^ 

^ I . eS, (^t-T j) j/^- jSLU 

■ i jiai. U j-jj 


£ = 


/(/+ 1)A 2 
2J 


(l&A- T) 


• r^L5* ijrr^ j 1 (3 lfl -r- L \j 4 jL c-jU ,jJ { ya-Y ) JSi jj 

u>«- . li— 1 J-l* 

^~ l - , '- ‘ *" 1 LS**^' a; “* a .S >/ />» -»Lj / jljJio jLfl^jlL 

o;/ 1 -! iaa-t)*J.»UjJ». jSjj. 0 r JS \^s ^ a-i^ j_jLi 

‘ ~ 5 “ 4 ’ J 1_5* sj^““ TA—Y J^“ 4 ^jT J^jUa* I vOjL JJfclyi- ^^Jlsl^ 


kev 

1098 


■K 

n 

'O 

I 


t* in g» JL \ 5 jj -* ^ • YA—Y 

'+ 1 jS g fl (uajl j . iC^»L 

jl^j > fY . u 238 -a> (v) 


(-J>) 


^ I fl>4 . ^1 iSu ^y* Lo^aJsa J Oe 4^ »j^jO ^ylaw d_* yJ-^9 -; jl 

o—** j* jlj-a; ^s^j-'-—' 4 -“‘^ 

o ' • X a ?^ tfLfc-b—o jj u'>'t5° otjr '*'j cw' • ^ir-'ST^y 

'—*—Sj->- 2 < ^~j J I «i J I ji s l oJ w J ^1 L> J J iS < l Jj «A I Jw_* I Jj I l^_l I J -i *5 i . V J Li»^S 


f V — F. S. Stephens, Phys . Rev. Letters 3: 435 (1959) and Burcham, 1963. 




I La- L. 


ir 


i jLl- i_5 . C-— \j^ J jyt 


«Sc—.1 pj^l J3 ^ c* 1 cs'j- • JjjT 


1 >— ^5^^) Jj- j«i ^ U-^Lcil jU*JL o'j-ls* 

; |»» .S -l^lj j-j i_5 Lfti«J^> J J-o J ■■ ‘■‘* ■' b^ 

t-JU (JjjS >-^f — 

j I -1-0 — ^J,.\‘ "' ^ U' 1 p-IA j-i — 

>.jj ^ A "mi ft .1 ^ .1 ^ y ».. aS < A L^S b ■ ,M I b !j n 1 ^ *£jj — 

• jjl-i L|_ iy \ 

• Jjlj A J - > —-ft ^JS— ^uJLiAi ■ ..! A? -— i v «I. ; *aJ*» 


-I p a-iL jjjy tf'jla a*L ^ 


b (-Sj^s“ J* 


• (f J-=^ ) i_s'-ac:—o> ^Ift^ ^ 5 y> 


: UA^jfc <ijjjl jIaji j VT 

aa^aalajLa TWTj T6—V (-S^-^ jJ*-) ^ba, «V j* 

-b>>— j-o L -a-iob csLajl^ j<£ < 0 i-Slr’^t^U-^b-A- caJ 

0^(5^ ^ LSjb— ^ T—Tur^v j) £ > 0 ^ jj--' ^ <jI^ jJU-a-, 



f*\ — Burcham, 1963. 


V(r -> 00 ) = 0 u°y * A ~ U - f * 





C? c Stj+s 


If 


£9 '“* l * — *3 k>^ j* ^lx' • J j£ ^J* 1 '-^rf—^ J «*• £*■“ -k-y 

<»l >■ *«-J jl « A-iL J—**"k- U T ‘03^3" *-^ef 

ajLi— j,' £.'y' U-jlL; aSo-iL iSjjk < jUjI £y Jjk jSI. 

* . l . » L i •Sjj* j !..■■■■.- 4 L*- j j j ^y° 'o—»I j < jv y jl»ul 4 L>- 

vX^Uj JL-i-U-tfcu-L. Jx^l . OJ*^ CJ *-Sj^ c ^^“- *^|J c '.j3“ 3 Cr*' J J 3 

, Xi JJfely- I <C Lm J > jJ 4Jul (_ ^> <. u .< 15 <_Sj^JL ^j^iSy 

—-J4- (_j— T—T )i_ r ■ •* • . < cr’jj U C^9* l 5* 4 L>. I »y-y> 

jj . £> K b ) L —*■ oo -x-jS^y < (&_y)J£i j-> • Jj/ 


Vi = Vi- + Vi- = «i*“* + V -<t * (1M-T) 


Vn “ Vii- = * 11 *“'* ( 1 f ° — Y) 

i^t jJA s 



3 


( If 1 - T 

\ 0 h* J 


\ / 



c-il j <*^'y JT = o jj cSjy-kJy Jk-tIL 


*i + ^i = a n 

, *' 
a l — b l — tin — 

l.T, - 4 


<fyi _ <fyn 
dx dx 

jnj oyi- aXoli^L i at-Jj 3J jl 


NW i-*7fc y Om-t) 

|*il 2 U + k'lkl 

k_y,. £/K b = l.oi/ 1 ■^- , 1 - 4Jt'/JtyU ”U*>= o* 1 • k'jk < 1 cs'y 

. Ci—l o/Y jJy ’V-j^ cr 1 ^ 1 

U » . > ■ . . <^. j| J j—? |> , ft ly- 4 . k- ^^L < 4 ...... ft ^g S i n Lm J (jO^y- L 4_Ja_tj jj 

(Jjy-k*-- < J jS -XAjyi-Sy £ -k-y» u L>jC^J>* i>5L jl-XA- I j (J jL»v" C-J L>- < j^sJSy *S ( f—f 
^ jl CU-I wjU 4jj J_*-£ ^1 cSjUx LSk-f- ^ 


,J4_^ (r-f )j^f jj 'j ( ^ fr-T ) "aJjk. - 4--lju ( ^ f o—X ) 'aJjL- L_ do 

• -ijj 1 





to 


r = * 

4 ^4 i5jW“ k^Jl>- \S- > a jjbLia ( y—Y Y) j^LaLj. 

■ ^" ! . ■ * • lsL&jIjS. (jl J^ » 5 , c « j L) j— l^f 1^ j " . v^* ^ oJl> <JS* 4_{ 


, JLii 1^ UBf ^.tuim~ Lf Jaii 

Oi^y-Ns c>ysji Z —* ^5- < ^ UjitSj <yld-}IJy* 

*—*-'J> ; >' J ^r- ; >'Jj?) ^.>^15* j'>* -V* - J ^ a J-®' cM 3 ^ .**■■• ' 

j >i L^J ^— tJSy* J» l— 4 O L oJ L»-d- ^ ' ■■■' a J J • ( Li a^i-d- Js^-... j by d U J J j» I JlS jtb 
j\ da.... A ^j^daL. ‘ • - 1 • "- ~ * > <yl^JU- 

J-4»U- j —:^1L (aa— o>^ aLial Jjilj^>. L ^jLlSy L e Lsu j I 

Jyi« b l jB ^^AjJh«SL jl jP i— ^ . b> Ij d . " . ,» Jv Ai« Lo« jia b < J ' **~ ^ j Oolfl . J> 

. 0-1 (VA— Y)J&- ^Lko 


|0 -L- jjj do-/l. o—I d^i ob^L (f o—T) J5bi jj jl ulL ^ 

I—J 1 AjUdS dJsL»-^Lo uSJIajU* A : Irt .\ ..-. •. I J_J_, Ujl jj" j j '■ ^ dS 0—1 

j-j- I i^Uto^L:. o— 1 ( Y£—Y ) iJSui ,j la j jii; olJo jU=wl a> jl — ^yJLj- 

J-li L^oT jl i^yb d5 o—l aa-i fLcjl vy-iLj (yU>jlj- (yidjy *■& olJs* aS 

jj_Ld_, ^yla^a ^LajI^ £.j y, . , \' ..»Ldjj vSL jl,jOw jl (3Id X. , > ».. v . >_sLa ^o> v^J 1 j-< 

. 0-1 da-i djlj ^^(ro-Y) jj j'jc^ 3 


jj Lajl.r • i ' A J^') d5 oaa ^ ,jiao (fo—Y ) J^i 

o —.. ;T j-1 ^1 oJj . a^L^ *^j>l Lr-lj^H-; (tS j j *' ‘*-^® 

tS3>’ ^ Lrw'j^ & 

o»lj „ • . » «' » ^l^^jlolS'L^^Jiij^L-^la. a-;To— at L^ojLl Syj*s L^ ^•‘* \S-' 

^^a^a^ o»a: a5 o—I -ifry }r 


P= 1/A - /> 0 e^ £ 


(^f-Y) 


. a^i dka-l^U (Jb f—f) o-o—i ^saU^-i ^LaLla— I aj^» ^a— 
u-rf* csV jol>l ^5^1.1^ c5j>l ^'>11 ts'dja^ cy 115 ^- AT 

• ^-^y* Lft.jl^ (j-HSa- 'j {S^J* ^ '-^°^ c 

• 9 ‘ A (J-°a * ^ *\6Y ‘ Weisskopf ) Blatt ■ f— T— ) 6 cr^‘ 1 VY‘ Burcham — AY' 












dUmfcft j £i> (w 


^ j I .,C h ^ y-’ I A- ■ ! *■> i s l^-J U < A3 1 ^'Wo A iL> I -■■ Iil_> i - V - s.j ft 

^ - \ j* I— jJ ^ » .. * oo L^oia- s-SJ l ■ V to i aIa ~ - -- ^ss toL-£^>- jSa L* 0 ^^”i k 5 fc ' 

Ja-A-^jI^^jO *j * |»S,^ly-JU.i Aj# ^ A 4 ^LftAitoft to«J AA-i aJaa-^Lo (^ 

JaJLlAjJ ^A . A—iL u£w A jj jyj* A I Aa I A— j c - Kj '■ A I A_C I ^yyaj>^ t i—.«■- > ■ L- jo 

^ ■ i A I A_c I ■ aIa ^s : .^ r > y j—J I j L aa— — ^1— 3 «.».«»> I a S l JjJ I j-Alia 


, l*_JU o.l_ 


• a; >-- J- 9 ^ £ 3 j ^ ^- -^— j* Jaj“ <i -“*> ; c s 0 AAJ-y-Uj- LS^j 1 ^ ‘ £jj — £jj 

LWJ- lS ^j> Oj^ jjT ^a aS sA~J tS^Lj jAa-T ( cL^- 3 j) l j)y I pjrh-o J*a ^ 

*J u ! 3-(j° ^_*“-** ^ ‘ •*•“-» * ii' a *Mf^ j_5 La t j— i w U Li < a—- js— SI . • y *_$ ly—J Lv 

Ja—* L L aIa fy^oy, ^^ L$_jI jj a ^ oLmIamjI |»—jaIao L L 3 >»-a- 

. .■•- - I aj^i 4jla( y } — \ ) J£a^a UaA—a ^1 a-^l'a^-SUJ_joJt. v-a-Jp.^*-^! 
Jj» jL-ftatoA" y ■ c_-J a aAuj 'a-- jy <5 4 L ^Ua^-Jb ^y ti^ J L *_aJa 

J- iyS. CX« fA L J/ i5 aS-s-I O^tS 0 *J j'>- Cxjr-±~\r? Ajj 

‘ JL.y. _^u« \ n h i-: ^ ^ j* (jly^jyy } < iiAX I^/l cSW^'j AjlS^ 3 

^y,^a ajlj c aJ=y \jls~y a. ' .^. g' aj-li; ( <L*jyo ^^1 j«i • >il«i ^~oy, 

I = I P + I„ (^6-T) 

■ Jua.l 3 J-*ly L« ^ I ^bt^jy> ^5-:lio ^As <& 

J—• /=|/,-/„l,...|4 + /j ^ 

. A-iL urjjf lw ^>- T O^r 1 jjrr^> T <J-’ J O^- 1 ^ 

. A—iL^ I„ 3 I P lS^ y S"' - - y.\- J-*Li *^>S-\y 
^laA-Ab iSjy- aS v UJ . - Aji_A^ ^Ua_Jb ^L^-L *AjJlko 

t5 _to aS . A-iL ^/-A ^ ls'jIa pJb jL A-.L . (a A_Y ^I^IjA 4Ai aaIa 

0 _ J . sAwJ H 2 V>*r*“ l ^a-jIa/ca^^a- 

jA 3 < / = 1 i^Ij'a j:Ia-L aJU- jA 4 H^ • /„ = J a /, = J a “—* 

-;l o>^l_AA-l.c—l / = 0 tS^'A ( ^JL=- ^ 3 ' 

. AAA^y, ea -^j“ A^A-iL^T/r Mev y}y ^1 

JA j_ 5 ^l a_—« .jIa-jI; ^UflwLi A-5^ <£, '±~> s j u LjfJt>y l- A-L. ^1 

. a £ aUu.1 . A 3 -i jA-a JS ii'«- 3 'j aS A-iS to-(Jj 3 i> ',) u 







• jl jyj >V <. ^ tjJUis V—V 


i—ts3 >Ilt^i i —•—u°>j^* 

o>?"-i— n-p 3 ‘ n~n < p-p id<u~-a> . ijrJU . lum+Jj j,I J*--..... 

JfcJ ^1 kSjt^m (* .. ■ <•» ■■ « — 1 w ‘ (•>► ^ 


■ p*-*^ diljl cSI*■-- " £> jL jl 

«' 3 « ) ^- 1 N 2 — n > Z 2 =-- 7\ i ‘ N^ = n't Z x = n W^ T j* ^ 'j *---*>)■> 

ri = n - IlS' j'*i Laaj^ji, ^1 x~». ^Ltdj—a ( jcI ^v*^-o ^.il^l 

.Ua-^ ^1 jl ^ S. -ajl^ (n_y)J_li - a = n _ 2 t 

«_S . c-J A-^liu ^ L Ij . Be 7 (Z = 4, AT = 3) 3 Li 7 (Z = 3, AT = 4) 

1.5-3^^ >- < 3^'^3*j tiLa>a_li <»5_L< l^JU- L^i: , «J«-^L 



Ij l _^U*L . g e 7 ^ Lj7 a^lio . X \ — T J-^“ 

>i-r l« Juia J U-i a K» .. L < yO L^o (_5 LibJ U J 1 J Jji-. lo_i 

0 jlj o*i*i (j^Libaj^jL ^ L^ 


&& — T. Lauritsen and F. Ajzenberg-Selove, Nucl. Phys. 78: 1 (1966). 










Jb j L~ 




aSc-j/ » — .l k . ^Ijl . j^h ^\y ^L 

■ - i — n-n } p-p ij Lajj-- « 

*>p» j-i- ^njS- ^>-jj(rT~T ) JS-ij'i 'j Be 7 3 Li 7 

U-5- . j y u ^iJS^ t_$I rt —. » 

'~~ 1 y 0*^15° ' ^ '- a>a: ‘“- a> <>*' 

3£ Vn + 3£,.„ - 3 E r . v + 3 E p . n { \n - r) 

JjO*' j' • '--*“* cJU* j c^JUk ^j.^ tij>' J^Li-l <_J jiu £ aS 

E,_ v = E n . n (l*Y-Y) 


« P 



V—-Lk—<« ^ “ i -*T;3^ , - - j** l5^3^ J 3 —»• L"^ f »*.* * - ~ ’ — *—r ,— 

kjL-fcjjr-- (A-slj jJ - 0 Ua„L cJUjJ ^I^T^UA^ft. jl o'i-L ? 0 '-> 

—T ‘‘A-Jjljte)^ (rr-T) j 1 « -a—jUl^c. jLa- 

l—f >—j-Zj = Z 2 + 1 L |BaSjIj 0 ^ 


W{Z U A) - M(Z 2 ,A)]c 2 = [Z 1 (Z 1 - 1) - Z 2 (Z 2 - 1)] — 4- (M H - A/ n lc> 

6^ 2 

= (Z : - 1) — + (A/ H - M n )c* Of-A-y) 

5 K 

j' If' u'^cj 4 Cx'v^ 1 -^ 

u* j^La^jj5 a^L>«o () i aJ j U jl u W Ij c_lj j>. ( V -f-f ^ j) J/ 

*""■ lji " ‘ — ‘ £»'j j- 1 ' * " ■■ -' ^5 1 a '■’■ * Oj^" i>*J* ijjjka- ‘ Sr*^ 





E, Mev * 


j (jj> Lu 


aaaU(yT-Y)J lijj jl( Zl - l)/,4*_^ < ci***#I 

(Z lt A) —* \S LS-J^- 0 ^Lf-eLo aS < V^**J J>X« J tj T JI ^iL 

• -^ 3 ^- £ 3 * '-*0 ‘ ( Z 2 ,/ 4)3 







c 10 ’3 B 10 • Be 10 4 -K*— ls'^T ^Iaa^-a ‘a-wLo 

. c:—*,1 »j-i uj ^3j- 3 airr fr" 3 ^ 3 ^ 

■iu*^ , Jo |_J«o . .ijl<i Jji 4 jl J (ji^Lxi Ja>- L ( jlyJaLoL (J la>j'^ 

djlaaa-i ajj £ ajlajl ^jIaa^jL 3 1^..I . JjUo-1 J-03 j^ 4 - ' 


'[{&— \ ) t6 -'* 1 '**• '3 -Ro 0*3" uS - ■***“ O^* *^3J J*— AY 

. ji->.S aJ»j>-]iLo lj Yf—Y 4-!L*~° 

6A — T. Lauritsen and F. Ajzenberg Selove, Nucl. Phys. 78: 1 (1966). 














dLj-a ^ Lo 


)°X 


s N 3 — n) * ( Z 3 = n + 1 9 N 3 ~ n — 1) ‘sjKa- jLi*T ^ £\ 

J vL ^ <J (Z 1 = « - 13 ^ = n + 1).(Z 2 = n 

B 10 < C 10 tsLjl^; (Vf —T ) '«V-- Ljl^; 

• J —o^- ‘ lS 1 ^ (•>► j' lt? * •j'-—* n = 5 ty-;f lS 1 ^ <^Be 10 

ijr-*J ^^-11 "^C 10 j Be 10 r ^ ,£-•* jL 

j-Isl- jj L lj y—LL* ,^1 j_?l . aj- 5^ oi-lLo 1 *jJU ^IL. b 10 tsLjl ^ jl Ly -i* f ^—» > 
^ J-l>^< oJl f<s— yJ^L jh L- « j£j-> j? 

^3 . 0 LX -i*L n -p J , p.p i j\jb SJ C 10 3 B 10 < Be 10 j*> 0 L-1, 

J-l jl • c~J C 10 j Be 10 jl >-i^r tS L* B 10 ji a\ 



; He 2 * H® * n* ij^*^ ‘ ^ ^ 4 ~ i L • j^rt-t >-5jO 

- ^3 . j'^L- L^»-He *3 n 2 J*- 

(J —-L ±Je J-J i Is ijlfJL> iS ^ f i bbji^ I 

n-p r—*~‘ y-W * H 2 ^ * He® j *® 

JL. jl c_*~l p-p L n-n ^ .. jl ijLjl^ ts'jL 

j— ]*» - jl ly-^ 3 ^- 1 eS > • <..) I jl_^*j-? (j-JL -L*-* (jla ' i •<• o> t^l-ft3j^J jL< jl J J i" i... I aS 
J-<aA«J^-L kj L^ y .i k . ^1. jjwi L^LL^Ljl^1 j 3 ^Ja.) (jL&jISc 

■ • J -^ L 5 a u^ IjA^—A 1 3)j~ j! i/>3 J^ °^*-<l -1-^b 3 


. jlJo ^ l j— c ,tt r (»Li " 

^ _ oJl L Y* — »jJI ^Us^ji-iv « oJl Ci— y±* S- J — f o 



<1 ‘iiiiA s L~ 


)°r 


jIjla. jl ^kj 7“tijy 1 ) w 0 o.£“ If ti'ojj a-aS Oyb )—v 

.cj—I hv *= Jt5j>Hf ^ jl tS.r-iff c <^l& ^Ijl-vJ 

15 j—~ e 4 ^-.L>v. Ij i^ 3 >l ijljf 1 j** '^‘jlf* (^ly*-^ Y—Y 

■i “= «^rf b 4 4 —“ b*»« LS j)*» jA • pf jl^*f Wo f >*■*- 

* u~J jaJU ( W 0 c l aj*I_j >—^J-) jU- ,jj>l Of.P^lf ‘ 

S' c-^l jAi*. aaL (ji-ijSL LSj>l b o T fS^^r <53^' <& tf' 4 jj <5-*-^ f—T 

10-g ^ 10-Mev tskJT * 4j j ^ 1 ., 10 -ev ^ cS^ 5 J Jjl= f—Y 

• i tMaUu i a i <S ^yg o 5 ^j- 1,000 m/sec ^5. \.. ■ L &S lj 

a—j-^)^L jbT aj. L a jL ajS^ a-J c. I_ji5u> T ^ ^5Ift^jfc j aSL, j a j^_V 

? A^i^j* J-A-J LSjj-i'fc- ( g/sec 

o/^^IjuL jj> 1 J ^jSyLS V ^--A.^L^a aA-A5 v bj,, JL(oJI) f—f 

S 1 jAi> /l >, , J Ljl^fjlj li< ■ A^L^j^^y* J^A V-SL. 

5 -F LS^I J A-ttly*w A ^. fli > < \ . J»lAjA alS^A ( 1—) 

l _}~ri I J ? Ajrf Afl> ^ a->- J AJl>- jjT ^ A —> 1 A *S t^jl ^ lS I *f J I j C ^“ 1^ Al^ I J V If 

£-j —m — £*b fii m * La If I Jfl” If } >A—< I AA—. jA L ^ U. " >» 0) j I L-Sw.^’^S yoU 

(* u*j&<L*- 

(n-T) c oJjLju jJ V^y vi* La 1L>%« jj Y— Y 

1 * f, M . 1 3 / ■ gy\ 1 /3M 

r J 3r\ rfr/ r* sin 6 30\ Sm 90/ r* sin* AV^/ 

!j_=► pJ6 jl Ij Ujrf-jC- . fr-Tjli^tSjlAl-U-^ •Vfft'i u L:: “( t - sJ, ) • ^ 

.L-5 V- 1 - If u’^LS- 'j eaJJlA • ^ ( v) • 

(jbiA J aAAjA lj 9» i>^-J* s aJaIj* ( jr) . A^T jA f Y—V J^^f tSjl~'*»^- 

JSLi »— t v'y?* * '-*f>*- i^f-"!- - Oj^ (JjLIaj- vA^-b ^ ^jy 9 j J 

.A_l (f^-T) 

c a- ;L-,T jA _ Vo^^o-t J 2au°^*f uSJ^f ^ Jf— ; bf 4 ^“ j J w o ls' 4 ^ A—Y 

T o*-' jAi*- K 0 ^ 0 p^f-i^o jl^*- *^-l tS J lj^ ) o^y 21 *-** 





-H! 


c** r*-* - ^ *j k>* • (j*^-*L>) 


j* 4 ^jr 


JxJwi ;i« 


I >JLu 


J* 4 


J j£ *Tt*ry 


'/“ • i ^-j^f ->*► j l ^jr°j* ■ ■ 4 ** 4 -»*>• 4,4 


1 -‘j** ’j * 


-as x = 
‘ajh-T . 


. (^L* 4 - 

j—*j JS-i^lU *-L csr- 4 ^ L> ^o ^'j* 4 j 1 tsj'r ^ ^-T 

^o > t 0 j 1 c 4? ^ 

. Juj$ 4 _mv L»%« 


- V e 


* 4 — f juK l iL J ^( ro c l = o («-iJI) 1 o—T 

ljk_-^ lj ly^JU- ,_>J *« g\yi ) X^S 4-—U*» I J R ^l*i4- «^~~< 

•j L-t^lr 1 R = 5 Fj oj^y '■$* r>^ m ° ^ csiv* -0 r*( v) • ■ i ^ 

. a*aS l*- Mcv s— 

jXtS i£ jy t>4-; Ajjlj jljj Cft --. ■ >• (J-»-l>i jX ^jL-Sj e «^A W x rr S ^j» ^ 1—T 

. XJ.yi.'jt J* (Jjjil V~ >-ji ly-^JL»- ) Ajl x Xy>-) «J j Jaij LjJL>^a 

• ^ (/»«* + V + /i f *W i No~ 

. >■■., ,., I t .- J U- ^ t_* jJu n m * fly i n x X I A_f l j I jA • jjSla-Ubl j) 

^jJjISa C/Uu>4 f ...»■...» <jL; jX IOj^04* \j 4A*-Jl«-il j?I < IjJ 

L c... — a A Jli-il LaJ f*^ 0 " ‘ p..* J n t ‘ n v * n z jf** ^ 

L^~jJ 1> tS ^jS> U tSjj* ^ ( l— ') • (*—*■-* ^ 4 •*““ J ^**“ ^ (_jl^iJL>- ki JS x I >i-*- 

( . <^*J ais— J^ - ) ^ x A-> 



— j td> L, 




aX L t 3 m 0 (»_/>■ U c^ljj j\ 

I j £3—• ^ ( l - a -^' ■ a-aS V-*L>^ • aaS ^ a j^~j-■ * ^j <JX *^o C>■ r) 

a——Lv ^a- . aJLL /I ) . oJL j* I j ^.IXJ x > O^j* 

£\y ^ a-L JXiA x > L X—aX “X «l£yh (^ . ( a^-ba 

x = 0 jj ^ISXI ^1 IJ ( a Y a_5^ _,,,«.; x > 0 (j'rf 


n-r 



o 


* 


(--.ly>- 1 V(r -*■ 00 ) = 0 <jT jj s5 « y( r ) iS 3 _f J-*—A^ lS^ o^-* ( 

_». ^l^l A A— ,X» cJL> X jA ( fY-r) XaU, < jX-Aj^ ‘XU 

^ Ui 

L ,J;AXX 


**«*/«d = |£| 


ir-r 


^ l A (fY-T) mJaU . f -*.0 ^»3 ‘VA J Cr+^r** ( *-) • *sr& •* 4 ’ J 

. c~J tf(r -0) ~r* y*'s> 

• vS^Vj (Mcvv-^^^JjTJS^I A-tJX j'^liA-'L (XI) U-T 
J^a^a UJ5J ^ ^ 3 3^ 3 J 3- U 238 ^ 

aj 3 _i J.X- jjXl ^*~~*** j ] s 3 1 ^ 

A* ( V ) ■ ( A^ ,15L L^l A jr jA I, A-T JX *5 

'•A^J^eSlrA U 238 

^ cSjr'jMev—Ca« J* ( ^’) ? E^** 4 * U Ifr-T 

aA_ e L 

^ a__L (a„, j a) c -> v ^a ^ • ->jr^ 4jb 15.73 Z*t» U "U^ Z^ 1 





33 ^' aS j-1 ^ 1 J fUo' ( tjJI) c<J (jl^' 33 - 

■ |» .. ‘ <-—l-*-»' Ij Jxur^lg ^ ^IaA—Ai 

Pb 208 3 Pb 207 jj '3 033-3- 0 * 3 *^ oLaolr' • {Jr ^J 3 ^ Jy>ji j 1 If—Y 

• “ i — nj+t I3 l5j^ (jlftj^ljL jl jlSjL. C 4X . a-aS ^.u, 

A = 102 U ‘Hr -HH^ i>r^ |*^*- ^ j»co^j J_j*jl <sjlic~JL 1Y—T 

jl a-Jj^ . ^ rf-T ) 4J jl*. j a-aS H-U* Ij Zoo^-hL; 3 «*-^L? 

±jy> . , \ .. „ ' S AaIaA-J jjl jl jli’jL, *AA^*j»* jA 

• A-jS aIO^^L* \j £ CA-. 3 --. 

*3 aoZn 64 3 ? 9 Cu w ^ r> - ^ 3 ^ Jj-ji jl ajUaJL U-T 

. ( a*aS a—- li* YA-f J5u L ) . j*jS 

4 - fjr Jr 3 * j 1 liJT - '3 u^^iSir 1 ( i -aJ 1 ) n-T 

’ ( u^-H" 033 ^ jj*—* U 3 J 3 - liJI" t5“^^3 tSjj^ ^) 

fc_sj*»« 3 * jl aaUa-I L 3 . 82 pb 208 <0 M po * 18 (jiL^ jJ lj J-aL>- e A-bU ( v 

• (■*■ .. * a—^, li« ^ y— y Li I j A * »,« « - j . a- j~x jISa- < tjL* IjL J ^l?jL- 

. ^jS ajLaJ 28.3 Mev ^ 3 *^ j 1 ^ Tc< »^<j£-^ O 33- 1 oLr 
O^r “aJawIj < 1 <£ A ^ lJJh * fjp- ^ 3*0 a*tH J 3 - 3 * J a jlic— M- { i_aJI Y°— Y 

• ***33^" CU~.JA^ CA«,I ji-o 03 - 33 ? t5?r^ ^ ^33^^ * 5 ^** ^ aJ^_a i_S- I j N 3Z 

•$ J 3 - - ■ * 1 j NjZ 3^ >xi* • {Sjj* ^ cS Lfej—* ^3^ 3^33A-? v, '^Lr 3^ a ^ 1 a—.— IL (1—< 

• ( Ak»^L 1^ f Jl^) * A^-Lh* A = \ o o 

. (J3>1 ‘ LS-^ 9 " v 533 j ' (H-“ ^ 3 J ‘ 1*3^ j' A jUj-JL Y 1—T 

<-S^3—f ' 03—^3-3^ )*-*•* < <^3>’ 3 J '3 03^ (“-^ <-S33 J ' 3 ‘ 0^5^ 

( . A-J S U \j ) f_Y Jli) ■ A^-U* A=?° 3 Tf o 

tsl^AOjS--. jIao _ ^3--wl J-lii^lAjj — vio J-i- , j-^r- TT—T 

3 -j ^IfeA » —a C A^L iaJL*. jliojl J-Ia lS S_u ? ^-3 I 

C 11 , Sc 4 *, Ni 61 , Ge 73 , In 10 ®, Ta 181 , Tl 203 , Am 241 ? 

. jl A-A j L-C —j—A_i A JA 03*^A3^''*^^ l 5 l~ t ~ * ' I . *—■ 1 

l.il.i ii. if 

,J I e AjL jj A . £ ^jju. 1 AyA^S 1A-- Jji-Uj 1 3 >i 3 »- ol-t—^ 3 =*- ij-f aI?j3> 



du—A j(l>L 


I °Y 


O**-^^ a-L 4-L cJl> L 5lt -' . ..v »^ < Ay _ Ay ijlaaA-Ab jA 

ic-*fc> ^r-* 1 . c-»j? jJoJ jj jjs J *V oJ.r J- u^f 

J-L, Ijl. -Ik- ^1 . AAJ^j. £y-»jA 'j Ay o Sjr-^ i J > cSj'r 

^5jl^io J L a- lS^3 l£ L* 4 -*S <jL»£. (j;l^jyJSy c>« > jj ^AA. L 
«J“-*L-* < 5 1. —gi t. . . .jL 5 I (j^Lyl * A... a > a £-*>-y ij 

a. S I A*. Ij jjyj la a. 1 .... » *a-L <aJ l»- jltwl 


TT—Y 


N 14 , Cl 38 , Y 80 , Bi 208 


AJAjL-t . 




1 , 2 , 2 , 6 

AjjjUt Ta 182 (Mev 

9 f Y 

o/fAo o/rY^ -/loo (Mev)iSj^ 1 

S a^Ia ^yly 4 a»L JSLa j^t jc ^Lcxu^jk ^lyA J J -» ^aU- lk 1 ^ ( ^') 

? -a—I js i»- j'jjj J>> ( g-cm 2 * 1 Ai-jfc 

r—^ i 


Tt-Y 

■_l :1 


J C-<*J j^IaaS ( V ) 

Ijl tj-Ktb Ij Sc 41 isWs CJ JK ?‘ (To—Y ) j 1 *aLaJL Y<5—Y 

l —Mev J-«ly4- j?** • -V^ <x — (^a>w£jIj- 


IS p-» j W ■ a.. * < S a ■ — l»y« lj Mevy» j A a Ia*« ^ ajjS 

(Iff-Y) *JaL. ^yk j*U- LT a^jS ^jlSJa^ 
■ a-aS o~— l»y» lj a j Po a-I ,j--a»- 


f '-t-^ r^/ 1 - tsj^- 


US , 


J*-~SL j-j ^la^T c5 U<xAy*jb Yf—'Y 
1 






c u 

0.97 

p29 

3.95 

N 13 

1.18 

S 31 

4.40 

o 15 

1.73 

A 33 

4.96 

F 1T 

1.75 

Ca 38 

5.49 

Mg 23 

3.09 

Sc 41 

5.95 

Al 2a 

3.24 






"4/^5-, aJAB yfc aSu-1 ,>> L 5 ^-yJ (rr-y ) JSL: AyLi- (JjIajo- 

u-^5'^ l j UY-f I j x Q c*yb < aaL 

. [ j^S rjJ - iSjr 1 




DjU l 


t-r 


^W*j is—^ i* 4 ^-** v 1 ^ 

. Jjl J (jaLaii-l u<»*^-CW*(J-(-^ C5“jj^*-f ^l*\J"«i. ^-^4(J < LS* 4 ^ a) L$ ^ -“ J IjjS y 

& S * Cl*** I ^g —-. J^ I L^—-—< L ^£jl— jCua-T j> j Lc * *a AjI^oJfc j* I 

a. v ., m >j 1 S^.T^ 5 Lftjljujj o>a— ^I^oju . i^L^ ^ ^gl^b Ij ly*jT I^La^l 

cy ‘" ‘f * ■'-^•^ lS I*t5^r4’ 4 j^' i-J-c' . U~f^( (jC - * r ) ^{u^j -^Ij j J 

\Jr yS-'^y i \jr- , y- t-U^” U <S)y^ lS y ^ a jl A-1 • o—l a jL j j jl J-^>1>- y^y-t y 


ti'j- ■ Lg ~ - J=>C k ^ 


jlI Li L 


d 


jV- 


■*= i5 


lSjA ltU j' 1 ^ ls'-*^ J (-sVj^y 

. a J li—I 

£jbi O** ‘ 

^5 I—a>4^> ^^OcL^a- Ji'^) -i*b a5 ,s P—a> ^Ll egU'.... ft o-U .'i->o ; j j^juT a** b 
j_j-v c . a .-j S iji> I ^S— j lS^-? 1v i ^ *-< -s-o ^yo < jia j_5 l^_ij»w (_$ 1^ . ^«2 L (d 4 jd 




^ ^ j' UJS^ a 

ljy$ boj *6 y 2 tS btO— \ ji (Jjj Li ly— T j I i_S* J& 


Burcham, 1963, chaps. 5-8; or Evans, 1955, chaps. 18-28. 





n 


* uu l j\jjb ,j^s e*ji f—v 

J^jjSS IL jJrfjjl y .Jsw JLStfjyt* l 0 U j ^tSj 1 J j L *4 J j 

03-r^ !l j>^a Jj y^r >* J J fl • 4 -? j£' * <_r~^ |*-®j-! U-^ 1 

j —r*“» J _J^5 A^-lj jj i^jjJ t-S^I >-SJ I Alto < f j»* CwJ jl - > ■ aJ ^ 

ti b-<—** J Ji ‘-^ ijT^~ ^ ~ <Sj^ 1 'L^-oj 1 ui j jl L 4 j j 

c«-ir—ljlA.*- Jj-U*- 

( 10~ 24 cm 2 /10" 16 cm 2 = 10~ 84 ljr** 4 r 1 ^ ^ ) 

. AJjljui JS j«4 ^laJa^^L J-/1* |»^—*. (_g i _5 La < j^jAJ jl 

l _j^bl i t—,' 4j«■> (">*■ ^0 e ^‘ M 0 C 2 j' u*^ " 1 ? » (J^5j>' ls'^ 

Ij ^—- b ,j*l. a-S^j* I a-- >.a-u u »>I ,ji*- jl jjA-b J-~5 -L-^ (jjjjl 

l5 J_— S jlS^jL^L.* . a^oL^jb ijja J ± l j±\^L*Sjyljb\ji£\jajj 

jl—rj — o> • Jj—5"l» a^IjI«« *j-*-k • t_ *^ . .-r ^ISj a u'^ls- 'j cr 1 ^ 1 ^'> ■^- , x 

j Ij jL 4 jj^i, al^yt. (i— f—f (_r-^ ^• j) c5 -*JsLju>j j ^JI ^A-b . jIajLa 

,c^a»- jL~ jl Jji'^1) *4-5^ j. f .f*"< "W j~ ^jT >_j.^ . a-S j^c a —st JL jl 

• ■^tS* ( ^ -■ m -~- k>^^* 5 ^ I_r> > ^~'* i a j J I ( jl a-J? « 

J J>^V- f^-* j' ^ ^jAi'jjjk-u.4- 

^—- L _J c —.1 jl-. j'-ijL * 4 j*i 4 S 4 ( S Lr^S"^ ‘ iS^) 

j — Jj—- j Ij j^ u> '^ ] -Vr 1 - JL>^' j-i ■ ±>y»r jl j T oj^ 1 

(JA^fljlj C A^ j'o^tr 8 *J uj>^' -b-y: flAiAi-l 

j y A.l ^~ ; ^ v» jf 5l. j_; I j I jjL e ajJ a. 

jl AAJjL-e lS^ J J4 < j»--^ v—LiA-l )_Y“ 

jF x di % 0 ( 1 — r) 

JV # <*=/7, (v — r) 

■ U T ,^ 

U3 ^l)lj- Jjlj =F = F* + F„ 

u^j = 1 

. ( A—l ji-o j*S- y c 4iJ ya -kju ) I ' A ■ iA -“ *aISc = P* 



L L (j (u —Jb (J c? ^ » ■ /•■*>- 


\n 


jij —» j !iL-c ^ S -~* ^ ^*“ ^ (i—r) C «J j U« 

Jjj->j^ jL_«j tfjj j* u 1 *-^ L>( T—r) AciL b ^/’ • 



j'j^ojj^’ ^ 3 W 0 ^ - V-rJSi 


• c— I «jui e jIj ,jLiJ b ^ f t*" 6 * 

;li jlajIj Ca .IL lj (&—T e *-ljl**) 4 —>L JLil^J C L.li 
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Y — H. A. Bethe and J. Ashkin, in E. Segre, (ed.), "Experimental Nuclear Physics,” 
vol. 1, John Wiley & Sons, Inc., New York, 1953, as adapted by Burcham, 1963. 
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• T — 1 Burcham y lSji' uSilUI'ajLjj soL^LL»li_—S ^ 5 !^ _ A 

<\ — Evans, 1955. 
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1 ? — T. Alper, On Delta Rays and the Relation between Range and Velocity of 
Slow Electrons, Z . Physik , 76: 172 (1932), J. Springer, Publishers, Berlin. 
Reproduced from W. Gentner, H. Maier-Leibnitz, and W. Bothe, “An Atlas of 
Typical Expansion Chamber Photographs,’’ Pergamon Press, London, 1954. 
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L. H. Martin, T. C. Bower, and T. H. Laby, Proc. Roy. Soc. ( London ) A148: 40 
(1935). Reproduced from \V. Gcntner, H. Maier-Leibnitz, and W. Bothe, “An Atlas 
of Typical Expansion Chamber Photographs,” Pergamon Press, London, 1954. 

W. Heitler, 1954, as adapted by Burcham, 1963. 
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H — H. A. Bet he and J. Ashkin, Passage of Radiations through Matter, in E. Segre 
(ed.),“Experimental Nuclear Physics,” vol. 1, John Wiley & Sons, Inc., New York, 1953. 
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\j mg/cm 2 cmu-j-^ ± r , u -ijjT o-ja. 

a^ U( 1 «l-r) a^'j. ( / =TYo o mg/cm 3 ) -x+S AI y 

V "« ... 1 '‘ ^ • A J L- • [ j T i> 


Yo — Empirical relationship of L. Katz and A. S. Penfold, A/o<£ Phys. 24: 28 
(1952) as shown by J. B. Marion, Nucl. Data Tables, U.S. At. Energy Comm. I960, 
part 3, available from U.S. Government Printing Office, Washington, D. C. 
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T \ — Kaplan, 1962, chap, 18; Segre, 1964, chap, 12. 
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w 0 c 2 >W >— w 0 c*LSj>* ^yjb. k_—.1^ pSjtAAo^^.^ u> ^ 

Ur (jgi—t-^JU- a-; (k - -. ' l. (Jj^) {S^y*** aS" Jlill ^1 £3j (jlJ- . -i-£ jU-i' lj 

i j- LjjJU- ^1 b ^Jj JcS a; tSjj-^ 

. j— j? l^—3^ r ii' L 4 jL L u l-i—oyb k— U-t j-i lSj^* U ^l^~JL>- |«Lo( ^) . t& 
4^*1— \j l 4 _ 3jr itl ^1 j\ ^1 a jLL ^1 j ^ 3 u 3 j_ ( y ) 3 


-!=—>— u /ji ^ /r i-^l j 1 a 5 k_~J 4 _j 3 i u3jr 5J' ^-rJ-^ j-J-r^ 

4 U 3 ^J^ J* K X bb^^, oi>t, . ^—,1 4 A- Uj 59 -kcv b. Jjy U?~ ; 5 * 

jj 4 ^_U lio jU^I j . 4 i. 4 A^lj-J U 3J— liv j^-kcv^jj—• ■ L 4 j 3 l u3j ^£JI S-, 

.c-1-^^l jUT 

^ 1^5 , ^ -K ^v.S ,c ^ ^ *■* '>• I v aJ J \jlo « Vv> * * . ? lS >, ^ -‘ i '*-^ 5 * j* — ^ o 

• ^Jc5° 



d L ('gfdZmlJb t wtS jktbjf 


1 T& 



ts^ 


hv\ 


— m v c* 





• **!< \y^°j< o)jr*JX — E-*j • TT—vJ^- 


i <Sjj* I U v^Jl^ <Jx* jl LLSy^ ^SL iL »y> OJJ _^SJI ^5^. aS j 


tj—j?’ f-—*— *—^ cu-.L*o ^Ia- ^l^JU- jj d^k*- . a 

~(—e) r^j< J — (—P^Lk^ 4 -^ - (“ _m oj^ 1 ^ 

ci J . ‘ ‘■“■j-T-g ^-Jt> jj . c— 1 -f e jL j p ajII; « m 0 jj«~k U jkL^ «>»■ 

(^_T) e dJjU a5 a~J i/>7m 0J Jj- "o; 1 *^- v"^ 1 j 7 1 , cr*^ ^jy 1 

HTY j-> ^jA-TJa-^; ojj^j.5? • a-, 1^,’ lj «jj o** • c —•**-? 

. CA«J j^>v» K j A^A^ Ia-m ^g ld, ; .. w Jb AA-ly ^j-AA»- jA djj ^1 . Ai 

L .a~A» {Sj^ C-JU- jA j-J ,jjj^£JI ti, « Ayi^ dA*yT d_^k>- i yi*j 

r*M a^s dk^^L ij yt-t J^) isjy 1 j 1 • •»**»/• y* 1 ^ r, cr 1 ^ 


Av = r, + r„ + 2 m 0 c* (4 ^ _ y) 

L» ly Pr = Pe “I - Pp Ks L AA^^aJaJ aIm« dS a!a ,jLjA O^L?* 

a 5 f djA vS- a^L**. jA a—, t iJ £+4 kii o^y^j>f — O-Jj^' £.}j ^ ‘ j* ■ 

jjj I < Jlmm L d Am J b ' *\ ' |kjo 4jj (j;( I j? I . A y A jy 1 d^i.V'i < lj dj & jl tSj I AjU ' ^ 

L jL (a^-r) ‘aJaU, tS iSjJb , (XySJI^y yl >> -k) cui/ A*l^io L y | AA f 
T t -h T v — 0 *^ <—-I J*) CJ j A-Jy c^j. ^sjyl jIaJu j^^.cu -,1 jl>jr( jU( 

■ a-:L hv = IntgC* f& 1.02 Mev <s ^t 
Oi j - " ‘ ■ • ■ j* — O^ 1 c^j ^ j* ^- Xj ^ 4 - j 1 ( Y f—T ) 

aaa^ ^jLi.; lj7-Mev o^y ^ ^L^jl t£ilLI ^ jA dA-iA-Jy 

<1 - Old j 15 a { _f* U A I Aj. JJ jA . A yj. d J I »"..., I L.«o ^1 A_^* ti, jl < djj j A f AJ Kj 



^—rf 7-Mev ,J-oU- o3,^j3? — . Tf— 

lS ' i -~ j? 1.75atm L jl o-^'l tSslbl. (^.x^a-, LSsLUl 

• *- — l& J J ^ J- > “ , °^ ^ i ^ I L — 1 l^> ^..., L^aa I ^-*j n 1. 5 . . l. .iM I 

£-*-* ■ ‘~ jL ^‘ &ir ' ls 1 ? 0 £^*" j* 

lij—^ IS ^ l<^ . i, " <.«I ijij Lt»l jl jL»- jj U15^^.. 

<u >-^ i-SilLI ^LtojlAa- jl o^Uij 


l ±7fj—^ j} «jlii~IL o^lS* *J 3 cSj./-' 3 <S^3^j 

‘ \s !ri J*~’ ob 4 -? • c -“* I^J-.a^'j v jLi^(y —T) ff j>- • J ^**° '-^'^• i 

^ l^-.!*— >w ^ > j?.j CU^>-L^o L jlj L - 'C • JS J l «" > *> • I ■ OwJL^^ll i^gjl ii. ' . ji Lj-r; I p 

JU^I.^I.o^l^ ajlj (1 f’—T ) J (1A-T) ^L*J^ J* Al 3 Pb lS 1 ^ « (TA-r)J& 
O J3 J J ^3-‘\^° J"3j ‘ fiv ]> 4/?? 0 C 2 & ^ t 5- ; j** • 2“ L t_~~ L^o U-?^- 


f\~ J. A. Phillips and P. G. Kruger, Phys. Rev. 76: 1471 (1949).Reproduced from W. 
Gentner, H. Maier-Leibnitz, and W. Bothe, “An Atlas of Typical Expansion 
Chamber Photographs,” Pergamon Press, London, 1954. 




ifv 


& -} U C c5 cS t £5 Lj~tS pjij* 


JL^jo-l jl >->Sl/(4Z) L*>-: k—L *jJ JL^J . jLaj. ^ j-j ^ 5 Lj— 



ls *— 1 ^ 3 ^I v .—>- r . ( \ 1r : 3J Si^ L) lislr 1 gjir • TO—tJ^ 

cS j 3j—* lS^IS^j- *- * '-^ tsW^jj-' 5 • Tj(T e 4- T v ) ‘ oJ,r^O# 

f'T’ - 

. .AJ 1 4 .X^ 6 J 5 Li*_> l_. J |ft . ..».y> jJ I j J *rr j}!* ♦ 


fY — Evans, 1955, chap. 24, sec. 2h. 

ft — C. M. Davisson and R. D. Evans, Rev. Mod. Phys. 24: 79 (1952). 






: <uU y d 3 j±jy, y o-T 


u*“^ ^ 3 J^r Ja->^ < . ajLjlj^-Li ^a U— Ivj^bl 

a-J^; b a-^ly;^ iyj 3j ^jy. . 4j}L- . (Y—f u ijv '*£• j) ^ j3r° 

j b ■■■ : i^S^-t—' 3y~^jy. <3 ^y. b Jbii^l J '*' 1, - > • ■ y~ a^b L^-i iwyi < ca~J j-jj 

L5 ks- 'doll; jC^b . a^i Jy. L aljT S-1 ±i~y, ^^jOjy, { J^>- £\ ■ I a- S 

\Sj J 1 ^ l j\ plaS^A 4— S aA-< 1 aj ^ ■ ..* ? to jJ 4.S ajS^ 

j -?l . .x-kL^jo " j j^_iL Ij £~» ■ - • . Aab 4j-il a I jm 0 c 2 (— 0.511 Mev) 

J-»a £j a_J y^> yJ. -J^Lm. or 3 * ^ U <S^y L‘ >^b a_J»* (^1 <S~t jj U3>^' 

■ I ,_J0 ijjlii I Wjjw&y I". •... ’. . ( -i JrS-t ^J JO— 1 Ij-jJ 

j—* ^ ‘ y '-^? J '-^ , 

j 'j jUj-L ,jJ. a—5^ \jSj^U {.j=»fijt> J j>- 4jjjJ j\ (X 

'j j-J % o3r*jy 3 o3>*^ u 3 fir • (1 ^f 1—H 61) Ja->; 

salO -10 sec Lpaio -7 sec)ci*~<• ^b^ y^ Jj^^ljla fy^synjy ‘ J >;k 

' ( d jj ^a iO+i " “ ^ o ; ““ lS *~( < v ~*‘'“ i - ' 


; ^...t ^L^LiU t 


^ eSojyy^\yA^ 

. 1j jljjL ^jLjlSliT 

*() If *1) ^ <& < oir-y- jL-j>^ T jJ 

jj ~ ^r-^r- «^-'> jj 4 J_jj . 4 jli ^-,1 jjA- j^J- jl 

A-s jJ U 1 J J3^ 3jo*\ j* “ J^tj j j\jsJ*±~ '> 

^tj-; I yT } a^LS J.y 4^»b^ I j 4^^ jy Z y> J> <& . r> Jb j' 

^ uL . r .A- j3 a- J)L jj . a—5^ JU»« ajL^ 0 >:y *^£y^±>~y iSjLjl—liT 
03 a--lS aaS^ojx-S ^j» r '-^>v "^U ^ *~^y >" 


. \<\ « Deutsch and Berko <_.bS ^^ ^~°y 'J'r — f f 

. a^i &±L>.'&, f J-<=j < \ < Burcham *—b5 jS-a (jUjLjlSiT ^1^ — f a 




4j(s L ( Cnj> ^ . i«< t ifjLsSjkjbjf 


(Yf-r)JSi - E jj J-Jy «^b f r > 1.02 Mcv j-?'y . f *X>£Jljay ^ 

u Li-— jja. jLjtS-iTX jj U7 ^ vJ^jl 

J-li. jj aala ^lia — t^jy 6 * ***^ jU~ uj^ 1 <sK+tjy ♦ JJ > , ' i L y 

3 ^-^jrjj -vJy j ly;y ^ I "})y~» 0 T ^j 4 ? . caJ ^T 0 ^SL ^ ( y c _r) 

aS-L. v (jiLi*- '-^-ySJIyay jiU- l.yjilzA» viL^SJIyiy j, ^Lbidi . aaa^ja 

cJxn-;. aa-a fS S Ji>« >_Jj- jl^yib 

J^b.^\ aJuT ay^yv l**ii ^>1 ,a ^/a-ib. 0> ay ‘aaa^aii ^a ^LT^Lk^l 
^ j'y >-» ^ v>V“ 4 jkj J *^-“ , u^ >*a <jay-b 

o—«* • J >——- l 5* j J ^r — 2/r?o c, iJjj-* U sE r — m 0 c®LSj>* L v*^* a£ 

•^cj 4 "i5l**Ji— C jj O'^yy* 

^ ?* ■■ " * ^'y jJ aa*ialjT ^L^yy^l , ^al* a^-j jL^liiT.X, ^a 

4 —^ ay-u* ai^-L, ^yyt (ja Ltt a ^-j SaL. . aa^i^ ^jLjliiT (J SLay^£JI ,JiL,y < j <^a^ 

aa-la_Jy ^yiLol islt~iyy£Jf y^y ^a u^-ay y , c--J yu» 3Lc (jT^alt ^j-LLj 

**=“ ^ jl*i-L odca^ . ca-i jjJjy j'jjb *«ja L S« Jsu-ya 

t5—-*y tS J lfca^ ! a*aa L^ja LLj jyySJI ^ b ca~ I ^ba_>-l3 eva- L. jib Jaii < ^a l* 
^jIaISjL lsU*- 1* L> a la*a ja lj cSj^»^ <j lay ly*l - ayi aUvI^^y-aU jj b ^ ySL 1 . . ... ) 

*-*r 4 » ( VY—Y) a-oja 0 / ) 3' ^ cSj>* aSLSiJ jai } • a—fc-i^y* 

a“ - ’*>*' l J -®* J u 4 u^*“ ( T P—T ) ijr-:^ o^® 1 U ^jLaaA-a y 

\S W* *- 'jL^jlSLiT jj a»,liii*ajy« aail» . Cu«l aJi»^L J--Ij vSLjl i to^ai 

• c; «,...' a ^ « *. > ! ■> <« ijiZjS fJbj* La>a > J j 3 

^l*jla». a^laaai^ja ( i_Y) ^a^laa-^ ^LajL. jl£iT^^aJylaa* 


jU>A j^/^Ua. 


j^L n^laa-A cal^a 


aaa. jul jb^lSmT ■ l>.« jii»ta^ ^ 4 ^ * ^ 


Z* $ Z* U t_— Ua« L_.jjc «—-a^aa^ ^jaJy y (i^alJIyay e aa-.a !fl jy»-_ f f 

■ ^'cj 4 ^ 45^-^' j J i^^l 4 j3^i {Aj, jAa^l 

. a*aS aJx»!iL I j Hf T • Northrup } Dearnaley^^ — f Y 

ja Jj L 5 t-JL-oy; S* . a> b^y. J-lSa cai^-, 4 - ^U..—a. e^i^a ^jb-jlSLiT _ f X 

( «u— ‘y.a- -t>y-y*7ra/jj, W«c/. Sc^aa-a^. caUljul . ta—l aa-i aala (Siegbahn, 1965) 
.__l dJ ^ ^^U^ 3j aSJI jaa-^aUI ^a-^ 



JUS 


c? ' d ft ^ Lc 


jjS jj Ij a-J^j L ijlttA^ly) ^ldj^lS c_jXa jl ^L ^Uy. 


L P2of 

1.368-Mcvy 


)/TYjT/Y6Mev ^LIS^U^ ^ lYF-T 

10' 7 -Uii iJL-rfj^^SJI^y tails, jLjlSiTli ja( Na^^ jl 

- j KkI aSj U» >i (_jt4i4-li (_s I j ->. JlJ a Ju£ Jk<y: 

5 _ X iis jt 3 j —Pi • cSj i > 3- > jrjj ’«Js = P2 ! -> 3 x 5 * 

j ll« * ; c...' I 6 •~‘y-‘. <£ ^ i-» ^ ' j L*|J ISti ^j^ ‘ 2.,4 IS f 4_J = C i{J> 'J./® 

o e 4-L>L» jjiS7.6-cmJ3i>3 7-6-cm 
2 — <Na24 . ajS^ u- aj»- f j k ,j£^b Be y jl> | -k. ciU 4iil j 

. ^ ° jj I J^^jLX^L^Ai 11. M ev t/Y£i 3 V t Y c51* t*^ 


(v^L^I 


YA b YF lsXLa* < MiiA 1 Evans < >-.Uyj. ik r L XI Y—f uX ^ • j — f ^ 

— R. L. Heath, ‘'Scintillation Spectrometry Ganinm Ray Spectrum Catalog,” Phillips 
Petroleum Company, Idaho Falls, 1964. 









f The initial kinetic energy or the particle is called T % . 



■fpi—l * rT| r p 



J k CS ^ i u .» L ig l^. . 7 . 


iAr 

J»U* 

^1 /j L tjU jL jj y , 5 . 1 a; L( 2 g jLt-) j^j^t ij^bl \_f 

j' ^jU* cgSes^-^'j * ( Z e~ l Jit) (A*— 

-dTjdx = [^eV/iZ/Ki^Hln (2/?i 0 y 2 //) - in (1 - y 2 /c 2 ) - i>V] 
ti jlojLc ,j-l-xx5 y ^*3 J^*J • c ““* s k f^r* /n 0 uTj j ^ 
j-U . i^, (J^jj jj ij«jj i5** A-i ^u* 

. J/ a-ilia - 1 ^ 

‘aJL-o t_S3^^ — l - s ^' •—-jU-t jJ [—In (1 — y*/c*) — y^c 2 ] 4 -Lj-jJ »->a> b T—T 

lS 1 ^ &—S . p a . * 3 —IT JS > Ij 10-Mev lS^T djj tib l 5 j>' j'-ii- < ( 1—T) 

. aa£ 4-.U < a*~.t / = i50ev u T 

cSj^-;l Lj^jbl . aiLsOkev/cm ^ jJ lO-Mevo^j? ‘•k l5j>' <-s^b* />( >jjl) T — T 
o»j—»(v)- {"Uf r* u’v ^ 0 * j ^ l yr) * a — 1 jJi? 40-Mev LsklT •» jj.iL. 

U 5 —^ ?' “ •■' j b-'.j-'Jjs’ tij>' kj^bl c-3) J L*» • a -• £ 

iiL A? i " . — ■■■ I >—5^b!j_)Uj& tS^J^J ,j3j—SJ1 >ib * ^ ■'■ ; ' ** • ,5 jjjl<l»- t ljl4^* -lab 

* jjb 10-Mev o^Jj? 

je ' ‘ 15*^^ “jb jJ j'jjL. aJj j \S^j* >-jbb1 f — T 

^3-iy 

—dT\dx — An^z-nZBjintffV 2 ) 

c ajU aaSaJ J~t 5 e ,_) ^ jJ 
j\ fl J~S £* jl 3l (Z lt iSk^’ j' ( j'i^ A- j 1 ) /l ^ j 1 lT J ' j - 

o-ljj lSjjJ 1 ,jIaJ jU,( lJJI) . a^La-xi J-SL^ 2 (Z 2 , A 2 )^_y xiU-^ 1 

Ij^jLo (Oj^- b i2 3 B e j ^ o*£—' 

j'iXJjL-c 5 ( aaiaaoLu^jli# < 8-Mcv isl*Jl"olj j Jjy>jJ( v) * /> 

^5Lj^,T jKjj lj 8-Mev lS^T c-ljj (jj>' f j o s oj*-S*^ 

.aa5a--U«( (NH,1 

jj cx-jl ji? jJ 2-Mev tjL ifJy- 3j . aL—.3 ^- aS I j j-— j^-bf« j J ^*03^ caa^- jljii 6 — T 
w = 35 ev )I = gOev-iAj 9 ^' i^A^U^^i^aJy; ( NTP ) -k-'j-i 



(S dLyJ ^Lo 

*Sj+~» Jjk jj-I_j jj Uj lsL*h^aa jojbj 0 Lc (oJI) 

jl la-,1 iOjLx jljT aaL jl jljjL ' j ^ 

2 Tf(*z 2 nZdT t 
m 0 i> 2 ~T} 


(v)* 


-w 7 ; irfr ( )7 < ^ l 




2-Mev j' J-^U- 0.5 kev j' ,_r— ^ 5 ^-^ lij^'^LsWA^la^^Al aa; 

J^-is jl j-, ^Ij- AAcS^ j>-t ( NTP ) ^jba- JaJy-jJ c^jl jSjl aS" Ij 

^LuSuA^^I jiyL* j»j< L LaJT cJjAa_j&a u Lic 

AuL^IajAa^- S k-A~jA ”liuj»A * ■ IKo ,^1 1 J>-. 


c.\ 


'j* 3 ' 


LS^ <- 


; ojls- < caJ 10-Mev i^UJT a^u L "L~yc L 


1 'Sjr 


43 mg/cm 2 o j.MevLsU-^j^ 1 u 1 *^ 1 o-T* 

J j-L>< / Jxu,jCe ,jAA^-< ^J. j bw Cu^laCoju A Uls jAlujl ^jAjSjJaA iJjaiL . CA-.1 

ufij 9 ■ A -. a Sauuu, L=--° 15°C 3 j * « “* ■ " ' ^ jLij j lyt jA Ij j ift 11 ( ___^l J‘ ...o ^g-wjftA 
(3 jjr —u I kJ^Li I aJaLso ^jIaA L ^ . a.. ... 1 j-+£ <S bfr— 1 3j" ^ ’ I I iS^J^ ^S JJ~"^ *—S^lul A i.» ^ 

. A d J I A jl ^ **»» C^ljJ 1^ 

I j -a - 1 * ^ ' < jl!i L aS < JjLLI k_5!u «_)-»■ I AAu !j <^jjul *-£u i^lyCjju^u jl (^1 A$u jL 1 

AJu^fLSW^-' <-SjJ-'* !»jjj« . p. . \ ... J 3 ( ^a , A~Ja AC ju 

^ >-««--’■ > ■ ur-^i cj^ 3 ' J-»“l«i «l lTt? cSjj-I 

[(CH 2 )„] V- j»- (j-jljl* j-*^ ‘‘-L—j 4 - 2.0-Mev j' 1 

si -^*l(J A - ; cjl-ki I j£* (^JjSIj^ a5i^~,I jo5^5 j Ajia- 1^*0 ■ J ^“ L 5‘> 4 

aA^SIj^ 90 ° Aw^lj A 5 ^-J J/-« ■^ ai * 3 

S 1 J .va-V i sytjo t|) ' i j U^ (jl*AA*»JSi {Sjj.* I ^ CA—I jAis^ 

jjj—S-« JL^jA a Spjl* U-CiA^ (^jSLa Ajj L ^j L i S /l A-aS Cub ^ 


-.1 90° 


• J^\j 


, A-S - k 


^33-^y '-A««l JU-jA a 5 A/g | b > >a -'l 5^J' S ^ u b >-~? !_. A/j |»y>-A_, ^IajA ^ 

A^l (jfcl^^bljT ‘Aujlj ^ AuiL M 1 > M 2 0^“ • A ^(^“ 

. a-5 j 3 L»A sin” 1 MJMi jl 


? -r 


v-r 

A-r 

i-r 

o _r 

1 -r 

r-r 

r-r 






< ^L . 


• *aLa -1 (if_r) Jli j' l **- 4 '- 4 ?v—J jaJu* - j/ 

Ll^Uy^- aaJ Ij ^y-j- a~.>-£- a-^S - joy 1A — t 

^j_> iSjA aS aaa^ 0 liA (I?_r) JSi . ^a jly aaUa-J J jr 

^ t5j>' i J « AiL ©/oT jo/oicm 2 /g i>« ^ jY cm*/g^j>- <s*yr 
4 —?■ ‘ v^ - v S * S \j 1 ^ . AAA- lj .■* ■ AA^y ^y» ijioo i£ L IS 

• a-j** 4 f»L(r-fl Lk' o J j-r i>« j' iS- 4 W- ‘ — ^ 

oi--y tS U-^j-r 1 * j * <3 * 4 -“>« £?.jy J*Li < LIS y . * A " , aSL-j L Ay5 ^y ^ R — T 

*a a ... ' . $ <- r >Aj> <jb* jl < aaa!^ (jjIaa I ^yy yAAA ^a aS A_syT ^. JaA < 50 Mev 

- 4 -**>>- £jb- iS^~- ^ , '±~ LJrf>^A . ^ b U15 eSjy I (*'aS . AA$ j>^-£ V-J-* jl LS< ^iv -3 

? AA 

jb.jl£AT • J^S^y J^-^l-Mev^bl£j1-Mev <j b- iibj>yj- - 1 jy-j* y-* bb Y°—Y 
o J r^(_r b*^ j--p ii J V »»“ ..v i-A—1 bISj La y ^ ^jy a a jUa— t 

L_U ySI y-fttyv aS ^y jyo ^a , a-^Ia La ijbky^**- ca_—; jL^HaT 


I—. ^L^^yUl. a-S^ a |j> j* }LL> f *£j* S-, a- . l.6-Mev ijUlSy^ ^bjb , -b Y ) — Y 

4 a-5)^ 4jL^a t^_^ySJI a£aI ^j >y L . A-iy,^ £jU- 0-7*Mev u~b~A»- 

A i t ij^L AA ljii^ LT , A ; Bi A iA—A j\ <S'jj* ^ jr^ ^ J° J 1 *' 1 * '■■ 1 t ft L* ■•■ j A- ^ A_.yA 

A_r C«A i5 ,4 -^i'j j J j AAA-A 0 yySJI_ C jj L ..jy-MilS 05 yUI fy 

yAA- ^A^y ^LI^aS^jL 

. Aj5J r ; a a IjT ^^ySJJ lSJj-' ^ ^»Ua aj ly <jyy ^yS a- b Y Y — T 

l5L aL»-I aIjT Laj jA july ( yA | 2moC* j' {J^rf-t ,jyy ui- a_a 5 c—.b YY — Y 

• ^ o^j^ 1 GJ-> 

jb-J y i JL» ,jlyA4- ) y' <S^ tSjj >< ’-^y^J^yy j- 4 • 4 -A--b Yf — Y 

M 0 3 f » 0 o T j J ^ 1 '—■' (w 0 /M 0 )r ( ^y ‘4y^» j 1 y' csjy 1 (vy^ 1 

AySu°y . AA-,1 03 yiJlyy T t 3 • y' 3 oj-r^ 1 O^- 

ui-^ y l ^y-^yUl (jjy ^ 1 u-— L-rb 4 *-*iJ J i> i^blSyj- cSj^' 

cS— K .> j-A < «aLo jl j "»!».■". ;L y J Ly * iS-t ^_b° b yr- 4 »» aj* 4 * jbjlSA i ti- Y 6 -— Y 
^j' ;« : I Arf b lAv j A 2.8-MeV I^b l?4*A I Lfty J- jl i 5 jb 

wA^.a 5LJ ^y L { >—) ^AA^A^yjK-i^ U^Uy^ jl jj^-S 4 a- ( ^aJI) . -^3— 





1AY 


* 7 ~ ‘ ■A» Lf 1 JiySr- j -1^- Li (_5 L^_#^W IjJ L, y^° ^ iS l» U CS^y* J? •>-*—»'»• 
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.■4_SjftTL ^ (jl aJuj jl ^Syi <& .ilj ^Lu —j u» J^—SL o.JjL>u jl 


^,Tjj a_S, ( u$l*K* o— bs) tji-b ,j—Abi*j/£Jl tfcSl 

^jUajj^-T jL gjy, S* jj yj* J fj» ^b <—J jb v b-i a = (a x 2 -f a y 2 + a/)* 

• A j-> ob JU^J jj Ij-j o—o 

11 ) 4 ioS ^i ... « . m". jL »S ^oS ^ ,jo / < J -—5 j-ol/ jl J ju» 4_SL aJ Ijl >_^—»- 

4-* ^ ,j l—^ 4 J L« i Jl. ft lo-ft ^ S y>- \Suf b | 4 0 ft j J (j /} JZ * ^ J*^ 


^/LjftO^A«- 5 L.^ 1*0 4 - ^j- b ,jbl? y-jt $ ^L oL oJU py-suj jms Af c /*- A 

■■ ’! ■ . .. » J jjTiw 4 J ^ jlSlw 40A * J*) (jb-* 

^la ■ w a > j ^.iu ^bbjljii 4. JL tI • ^o j*,)^ ‘fr o-a * o— I M* — 27* 

J/i eiJ ^ t S j 1^. JO 1/ jO Af• oJU « (^o^1JL»» iS■ j) i v i Oft l cv j 1 

^ 11—5 < 4 »j oft L ^ jj j I j 40 S^>- L \j u*^ 4 ^ J»>? j* iSjj-' I <-*^b I 4 S 0 I 

• ^ O 'jo»-<ur >ijg v5j>' A^- 1 jUoi-ia-/ v-u 

(jl-jOJb' (^Lft^^e < 0 — . ( f_Y 4_r-^ ^' j) JjrS* ^-'jy > j ^/-bl^ 

. Job o-b ^ o ^ ^ < j/a. . ( ^ f f—T ) (j^b^^Lfcfta^ .ft 



tZgjs* 


X — x 0 cos cot 


*—> I 1 (,5 j^O Ij U> 4 — IJ *£ CmJ jjpiiaU* ‘ z } y \S \ J-! J Iju L i l^«Jb 


V+V + 


-.1 a'i .— g i I* ^Lut R 




a «y /?a>* cos cot 


r ^^ibL.* (fY-f) *J->bu ^IjS^U L 


/d£\ e^gj* 
3c 3 


• (cos* w/)» ve = i Uj 

j-t JJIjuu < j^T^. c-u. j*-. tJL—^15 o.^l jU> jl ,jJ *->-j£l 

Jv -, ^ ^L5 j 1 Lr^j ,J~b *S 

a—** 4 * . j y-j^ J *—$ t Ja-yu ^ U j *-L>li ayy*j* 4 


±i l^ c-« J*, j*j -Wa-ij j« cSj>' Je- 


/^\ = Av 

\ dt 4ve T 


c~b) . (A—f ■eJjU s. J r = 1 /A y ) c~.UlS ^ r o T J<A <£ 

( 6 ^—f) (jj'jS-W U- (J-ioLj-il A y {J ^Jo\^ s j£S\ u^b ^y» J^>b lj A r 

to — 2 ttv *>y* y 


l^ 1 ^r.^jy J r> *>' o J ^j^ U • ^jU* !>?• j-i U*^ ‘»jJ j»^> 

*S(/? ^ 5 x 10 -13 cjn)*■ ' ■—* j*> j , - i -^ c s* tJ--4 l-ev uj-y *S(J? «s 10 -8 cm) 

(^' ls'^ « J^l-Mevo^y 



c 


. (4.80 x 10 -10 )*(10 -8 )*(1.60 x 10 -12 ) 3 

y W 3(1.05 x 10 _27 ) 4 (3 x 10 10 ) 3 * 10 SCC 

ti % 7 X 10 -7 sec 


- (4.80 x 10 -10 ) 2 (5 x 10— 18 )*(1 -60 x 10"*) 3 

~- piTlnWiW -- - * 10 sec 

3 x 10“ w sec 

j' ) -a-' 4 4 -—U- ^j j! * ‘ ts* 1 '* 

— cu^ J~S JLHa*.. a— iL^ «Ai JjA. ^JbbjS 0 Ujb4- ^Ui-A (jla^ 

) OjLp jA I Lj -a^ aSwIAJ^jO^Lw LI? J~~5 (jIaA —Sb 

* ^L^jS-. j } h +* 

iS*3r^\£ f 

j-*sj>~Lc (* 5 vAa a 3 (J*-' iS ^ p-L j-i j?aA 0 !}Lj» 

('-^y~>rl-* ‘■A—«kji pAP J-al) j» A A L j ) -*-! ^J*j‘ 


* - ..^ ‘ o^j j' J »" ,,,i a t_s I j-? <£ o^**" (c^ — ^ JcA^j* 3 * Cr**** 

. o— I o^j jl Jii—» 

J —....... b, eSL cou • j— lw L^? ^....!-»Lja ^ ^a?J I ^ I j* I «!» ' ■ i.. „ . ■ ■ ' i5L 

1 ( « 1 j j |- "■ ■ - _-—i <j ajaS^j L»^j Ljte ^ ^LyX 11 (_5 L^j I jy< Ja«y< 4? <. " * ■■■ I L a " . ... «lj 

a—J aLo j 0 Lj jl ^SLj x J / '* x F c ^ 5 < 1 a-T^* j « o—l jjf- L^i 

cJ L- jl Ij |» — ..... a? J ? ja l^i 1^515 a ,.» J j* j* fcia^-^L lj {J 

j-a-o lSL Ja— a-L 1^ x ^IS* 4?^ i y oJ L> ^5^4^ / 1^1 

” Jlijul 


i/x dy + c.c. = ^ j* yfxyjj dx dy dz J e <H*r-*jV*H _j_ c 


* xue~ iat + c.c. 


I o _ Schiff, 1955, sec. 66. 



(5 ^ j-S 6 m> 


islj- Jl- £* XU > j>— Ij fiat = Ei — o 1 j* £ 

i*-**-* -*=J^ > - LgL ^ »A-., C.C. ^3^*- • 1 a-ij/ Jj-lj { 0 Lj j\ JjC—>) 

l0u *'^ ( 6Y—Y ) tA J J d . r-r“~' < J 1*^1 JIa^»-Ia^ -bj-rj« C,jLf . ci— I ^yi-i d-jLj 

, ^"ciJfup + ^ir + Niw „ 

- W? - { **~ f) 

J-^-^ '—*ri j} ' ^s+* \ jii> 


XU = J v>fcv>i dxdydz 


A_.a -lA Lie Cl —tSc S L ( jSJs L*J J I aS . 


jJ. iljl. CU>v*ij>» 'j 


u L_a^> .i-,L J* s_Ct ^,1 J-iL A^-ilj AAij jl^A- .ijl^^jej i Cl—I 

cie>jl iiP <L L f A^U Al V i lx I ^ ^ J^S L> c^LaC >») aS Ij ^ j I J Lsu 

cr- 3 ^ ) a;L, Ijj^L x -*■ —x, y —► —>>, r -► —2 ^^ 1 *,! a^L J^ca-, c——; j-L jSLj 
j^«( - v - - ‘ V. - ■ > Ij £ Y—Vcr^»vf) AJ-iL a^-jL *-£- ls'j^ f 3 i csW^^- 4 J ^ ■ ( £ Y—Y 
aJ^jL ij^e ci- > «A cS |cjSj« aJ=o-^L (6^—Y) 


ijj— Jo < ci—I ^ Lo j_— Zfj ^_yn lS^j- I o>?" • J-®* 3 Xfi o^j*^** 

a J-tli cSL . Cl— 1 u i^jS’ U cSL, j\ Jlle \Jn^ • Jk-iL X 1 = 0 -i-L ( tod —Y ) 

^ t?) ^ ^(i 4 'j ij 0 ^ lj~* $ 

A—S L t? ^yllLIj L A^iL A Lcxle t bll_,jL JC/L £ ^ aS cI—J ^T jjsL^.Sjje Ja yU 

J—<c«. ci^c ci^^l jj a») ujl ^' 4 '-**■*£ (Af—'f) j- 3 -^ 

Jjaivle 7T L Ij j?' • ( ~Xfl 


I-«l ( ci— 1 j- Jo a JJbt—• i (j— jlle juoJj- j> j«Ai Jaa» ( —Y } L» J jy* ^ 


• U ! > 


- csW-'^’JJ J 






tYY 


^ j-.*i \c X « l.t L p-ft .i lrt" i f i i iS L <-■***.>■ ji 

-bLa-J jl *S a— iL \Sj^° l^JU- Jj j Ii <£ Wj'j (jLaAjli, aSj^I j£* ( &?■— Y) 

a -ii*ib j5L-*£- L ( f\ a^JI) tsWjlj ‘fcilSc ‘bjI.xJa- 

vs-J £vJ~ 4 = ^ = 0 "tiUu , h — h - ±1 L0 (M-Y) 

vSj*> U^U* L> bC 

*->& lSj 1 *^' (YA-Y ) £y j' A &* j 1 •■*■* J*-*‘ 

^ j L» < <-Sj>r «j£ i-5L Ja—y; ( ».- ^1 a5 cm.L» ^jl-i-. ^1 «-a-S^ y* *> y>> L 

w'«— , 3 \j *jI£ tfi ^ v **■ -b 1 ** j*j* u T $r j* ‘•^o^y j U ^ 

<_5Ljb"n^a V - - < \'j : - ■ I“ p......... ( J yj£\» <0^1 V> Lu J* !j*‘ «* ■ i-SLm»^1S < 0 I ■ -■■ 1»V. ^jt >—M . X 

AAJjjJ j LiJ I JZf -i ij^i»jl« C-LUi . AAJ^y* CwJ jl cSWj^j 

i_kt***^ ' ^ -* !? '_/* jJ l ~ j jy * 9 * " .«».«. ^ 1*^15 L jl^L ^lA^jlj ajlii aS 

* Ij &Y—Y *aJviL«. j*-i cSjy^ 


(_yj lolf L Ij ^5 O I art sub ( J f — f 


o->«* A - : j aS a~ J l5 * jk:*- ^ 

* «AJj L» ( (i Y ) J ( &A - *Y ) I* *A ■ jiA >x j Li » Ja^ aSL^I jS* JJb>l jj-j (_5 l& " ... ft 

(jlt itjb jL i-S^ -b—^ b«*I ^ ^_5 ■ ' « , —U-»»L>>« fL®- LI 

It jL £tjy S« . JyZ jL-I v5 J>^m 

3 • 3>V^ j* ■ Jfr ‘ LW^ isj* 4 * 

’ * Tv' -- 1 (YY—f) I u T J» jr* ^ j*i a iXu> 

<-^ r 'j &) 0 *-’- ««-£**»!ilS c-LL. jj 

<^rf tS^ ■ *^*«' p-^^y* A^>s; Jjj- JLftjyU-—#- 

jjL^ SLS if(j 1 ^(jrr-L<L-i?< AjL^j^U* (x^y^Z;) e i (jLk^L g>jy 

.cuJJSjL ^Jjjm^,e it ^Ll = 0/L "^b- jLulisljbx^^* j 1 

.Vi««il p.« •» ,. ■•» ^yJaiyJ jjL-i?jldiJy* li WJyM 1 L = 1 

Ij^^L^ftT AiiL y^ (J - v isLu* J^U> i ^fySi^jL. r , La 

. jljiu- LS «JsLi* jjL-i? . 3» r , pA 



(j fa'.. cSLj+s 


' VA 


^^ 1)1 Jur ~L>L*a 0 ! A^^-aJ* ^ aaaS^ 

U^kj* ^J fl J " <-U“^ lsU- ; ' ■*-• • ( L = 0 ** -k>r j«jJ J Jjl (J*—^ lj A 3 ^. | j> U 

L*-f ■ •$ j-S> ^ A . — a j^ 5 * aA-.jL j_J»a_t ^1 > ■< — Lob j a A ’■ !«■■■? j j IAw? t .... >j< ^1 3 I 

A-c>-jA i | 1 *t^ lS <> c-^.-»*o | ji ! ijiSJI J ^j-aJsLiXO ^. l K »A.I- > ^ju i bi jl ^5«JC ( aIa j\jBI* 

jA J ...^Lia . AjIjbA AjJ-j L^»,.' W’» A - ■* ■ ^L^jIa^ L ^UjL-, 1 aia- lj la^o-t aS 

a-S o'^ <"£# ‘ ^>“0* l / > '* *‘ ^ > ( f A—f ) aJa-^j Ja-3^ 

a _- ^bjo 1 a$ L y ..-. L Lin ^yJnijA »OA aS^J L>- jA < AAA^ O-a^Lft j:~-*- J aA-jL J-o-f C . V 

aJsk^-^LIj^. 'f < _) < ^- ) AAA ^ CAa^Lc ■ < ‘ Aj-. ^A^.ly.aA ’. ^ ^A-lp" ,_jLjJ- >Jo ft ! . ■<■. 3 

CA-aaI aA^jL |^30‘ aJL-a \S^ jA au>jS*l 

< j-i • <-i—' \S^r>y u'*^“ * " ‘ ~ " l > * ' j' l5 'aA-^ A (^I^jJU-j^^UI^^L^jA 

A-J^Ij ir r a_L,jL * f >_JL>- j / a_J^I v_J L>- . kt AAj- ^ AAxlA J?l 

aSjoS^ja u- Uy l«kA->L « JoS 




(*•-*) 


jL— aaa L (jiAj‘a a^cU ^l ^ .. . ^ Ljuj^jaSLII (jl^oLljjAaS^AAlajjL^A^ j>c 

• ^y^KS* 

L r loja jl jjboS y>a_S AO^Lja'^jAaIjS^IS. oL-U- L 

Ola^jlj jjLaa? ^Sa- ^ - .L a5 (jjjLtji ua*.I l^ r fi aa15c )i JaL>- &S aaS ijq A-J^a ^ « .! ' . « .<i " » 

aS aaS^^jo ^L»w1 

Ii = I f + L r (H-f) 

3 « AjIa L r Ay "U-iA—a 7T r 4 ^-jL 

^ r = (“l) Lr ‘k^^ 1 CJ^JA ^ Y _ f ) 

77 f = —(— l) 2 '*’ « ( A,-.. - ^ ' ‘ « « lT^J^ <- 5^ — 

a5 a-^-^Lo . c.— 1 a AAA a A jjT J3IAA0 ( »OjiOA ^ 

• ^-.1 £1 ( c M)kr^j J ^- J jr 

O—^ < Hff DeBenedetti j j~~~ 1 ^ T 

• \k-\ 


1 T” — Blatt and Weisskopf, 1952, chap. 12, sec. 2. 



■ U—j': iSLm, ^15 

^ (c-iS-^ L 



1 Y — Burcham, 1963. 









Ml 


\ ry Jai» ^Uj (jl^b L $U t5 ^ u i* ? 

lSL_, ^1^. J-^>U> j^a- ku. (<af_f) j-k. 

c-«-,l<s jj c-~J s cJL> £.. ^1*-; cuJk ^T ^ tS jl j5 

r*j ,J • £ ^j, <£ 


e i /RVLr 

w l ^ s m\t) 

(»-f) 

l,(ML,) «. 10(^J^£t r ) 

3 

(«-f) 

■ *=— 1 uy}y ?y M 9 ) cSjl- T '-^y=> 

^Su T y ^ 

y _ 2(L r + 1) / 3 Y 

kU x 3 x 5 • • ■ (2L r + l)?U f + 3/ 

(**-f) 

( T— Y) e4 k'j j* • 27T j- (*-»■■•»"■ (^y-ka L*^ySJ 1 

“ £3* ^f 

■Win F) - p-T^r ■■ 

E r (in Mev) 

1 

> 

Ov 


.aS^j^-L^ (i? = 5F, £ f = 1 Mev) ’U-y^ J?/yt r j* J l*»* 

k_s]il-J^-I |0jftL A^»-lj kk, Ajl.uk AS 1 ^Lfe ( ^ -«J n J A .i» '> - i § l ^~ > ’ 

J & ij^y S ‘ 6 j$-* • ' v ‘ " ‘ ^ (J« ^rf^rt U “-S—*|T jj ) o L AJjlj 

/? = l.2A$ F u°y U < ^ i o ^ Jj-i—»■ ^j-° 

1 7 {ML t ) w 0 3A-iX£EL r ) (- f) 


u La j\ ^j^JI j 1 >Jkj-l f£ aS 

jjj 9 jSLjSL L { fX—f ) *klj , j-fb_?i Lt~;T of? ^ • x *-^ ^y ^ ^ - iJUl ■ ‘-*“^ < y J y 

• • * '»"■* *-> i^U j^y 6 j^y** 


1 & - Blatt and Weisskopf, 1952, p. 627. 
If- R. D. Evans, 1955, p. 214. 





Ur 


jL*- A =ii(i L, ts'jr' * J ( fA—f ) J ( f- f—f ( 9 — f) J-^ 

j' 11 -^ JJ6 ^LS a *J o'l^^V— u'- 0 -* ( 9 f—f ) L r = 1 li^ ^S*3 J J (_5° 

(*A-f b o^?-* • -^v “^ (ar-f )£*-&' 

>r £ r 3 cv '■-*■•• ^ j-t F ? U . (V—Ul^ jjjT^ lj 

i^j^Mev^—^ 


r y (£l) = 0.068£ r M* 
r/Mi) = o.02i£ r 3 

I\(£2) = 4.9x 10- 8 £ r 6 ^ (M-f) 

r 7 (M2) = 1.5 X 10-«£ r M* 
r 7 (£ 3 ) «= 2.3 x 10 -"EM* 



■ V «.‘ v •■% . f-—f 

( f f—f ) ^ 

iSlaav_9 yC .^J j ( p t v—f') 3 

*.-1 = &A L 


x A. H. Wapstra, G. J. Nijgh, and R. Van Lieshout, “Nuclear Spectroscopy Tables,” 
North Holland Publishing Company, Amsterdam, 1959, as adapted by Burcham, 
1963. 




iS~ (S~^ { 3 


ur 


L lj T ±*~y* tsLfc^J^k (A—f) j(y— f) (jlt-il: ^ 

J 1 •>-« J** J j’^ )j (ff_f) ^£-J 3 

j J 4 ^‘ Ja*»3^ ^Li^J4^jS tSL. ^ ,1«^ 

J_^w - ^—a> 4Xi j' J^JLi J~ tsMa^^l. ^li a^_, ^Uau-^l o** 

^La&^jb l^yjjS^jJ ( j <i-V u^v) cy ««^ J-i- ur“L-lj- tj c_Jk, 

‘ O—“^ -T^ O.J^.J-' O***-*? - o*'5- i - 0 “ a ^ c^L 4J->^> j 

/J* w U T J J *S‘ rs^ , j(«e) 2 j*^ e* (?f-f) c~b jj a.L 

O^-iS^ >1^ <*$£?.•* lsV*'j O'!- ?** * • - i -‘-^ L 5® y^Sj>- jjki- ^ ^ I^J yJSy 

O '>* ls* 'j ^ a : .... a l5- o £2 ^ LI3 c^b « j jl j <iyr) o~ 3' Wfc r ' 

. j jS Js^ ^jT I ^jSLjjill (jJaij 1*-*- jjboSa- 


( , J I>b (^ f—f 

jl tSj'j-? ijl— ( j J 3 —»■ A ”“ ■•* 05- J —'-?' ^ ^ tj—**} 

Oi ^1 cS^J -V* • WvW 1 c -'^b- *-! V-^ cuJL»- <£,, 

^ 5 -U-la J---i-P 6-/ fy-y LSj^«i 3 -^>- 15 * 4 -W*^ (J-® ^5^ J U-*< 0^3 

J-iO* ,^ol o 3J^~^ ^ *< l «tf*"“ “* (.£{ — £f) l5jj-^ viJL»- ^1 j J , 

■ ur- t *r Oj^ 1 *-{ ^ T 3 ^ts* 

T. = E l -E t -E B (Y--T) 

oV OJJ-^ 1 ^ C1 ^* ^ J* 4 05>^ 1 £j? jT jj aS < 05^ 

. ( c-*J o0. jlo#^o flJa-lj ^1 jJ ^.1 (j~ lSj^ 1 j') • 1 4 ^ 05-^ 

lS -L > - '- 1 iJ*' i * :; <^3' '—*“^ j^(f ^—T ) a--^( Y o—f ) *-»■ 

ji— ly.^ a '....a ^T 4_L^yu 4 S ci—1 (j jSLj y aSX< <£* j£ j- 1 ' «-£* 

J,xo AS ^1 0 T J.I ^1 c-JU . ^ ^IjT lj ^ ^1 Ul^ J^S ^ *3^U 

b-'j aSjy-^xJ^ ( obj^-f 


Oi Ajb 0 Lo Ml s (Y— 1 f ) Jli jj <5 . 

r 0 T .Ja 5 jl ^ 


T (^s J^... . lj 


-' ( - I/O 


US ir iLt 


L 'j 

U .C-.I 














Uf 


jj X 7 i *aJ J*aa ±*-f ^rbb JL^I x t o T j J ^ 

tsb* ,_s--bb JLa-Ia- b X t ‘ 4J ““ ‘La*^ . c-~J 

J /^>^ . . . <M‘ L < KX-S 

K = X k + X l +X m +--' (YT — f ) 

t^J^S ^b-j^UI ^ 3 Uo. ^-Llj- b LftA^ly ^1 , jl 

► j iaI/ j$L .j^.< jl 

*^_U. o^lSil L vU. ^ISAI U.J, jjk. ^Llj o,b ^ui~ 

t^b V-'** A y csLlf *—-b 

£— (Yr - f > 

CA--jaA^ • AjS 4-u»L>y« A-O jA t-AyjjjC L « J ,5" t 5« 4 Ay»ob Jj A_lJ V_JU \yO t& 

k-Sy ^Ijldy aS^ Cul " . t ^ ■ . CA-UU^ ( jyl J~* 4. >»■ ft ^ba-buOy Joy,je LA LjlJ LLu j J ^jJj»-Ia ■ -A .". 

J-A-A ' 4A_AiUj & ^fl> 2 ^ I -i AX J ( £j — £ f ) J>iX 

<s^y*^> ,_s*?b ^.T° L^* ■ j'-iS c ^Jai i jc j 

K X j-jli- . c~J ( £, - E t ) j 1 ^b jZj L r 4 - 

. l-~J ii: «a!a 0 lz- ( <\—f ) Jli jj a^ = X K jX y is 1 * 

■* <l b li v a 0*" c5 b j L^. «».>■■> I b <J5 I AA-*--ft LaJ A fjrt-! b IS bl^ 4 jhj?I 

0+ —> 0 — £_y J ^ • A4 J J-J AJ^^a jj-Li^A ,J_iAyiA -k_ y (_y"b lj ^-SJ I Aj»* < >_^w 1 

. Aw IA A A .- . jl5__ I jy*Jt> >-SJ I A £« < .\.. J f i J— ^jy,^9 J A J b AAJ ly; Jj* JaSLi 

* i . » Ay jaj I jj) jj A \joJt ^Sy> b .. V .j y I jt i-Sw b A... ,.a J t ^j«L^ I A ^_b A -> ", 

Ajjl (_5l^-J' jjaSJ I b X t5 Ja—b cJb- 

■ ( > v - ‘ 4-bj>-^L Ij r—f) 

‘ ^U3J^ ] o^“ r>^ m o o T J-* ^ • Ey — £f ^ 2m 0 c 2 j'^csb-3^ 1 

^I.^jIa-Ia JyA-^ A-b AJbAy — 0)J Si^ S j «X ^ 1>V ' b Ai ^ 

(_5-“bb |*^ . * 4 * •••' " Jbcjl Jjb aS lAu. 1 ^sbsl ^j-~b ^ As iS-, ^jJ^-^A ^3j A_J^A 

A—ylio jA AAy ly JIoAj*-I . ( TY—T ^ • j) A-.I L yi-A iS jX b ob—' 3jr^ ^ 

jAjAy u^bb t53^1 /'- 0+ -*0+ tsbhj 1 ^ A jr , jA. c-^,1 ) o“ r "Ly^ij US ^bb b 

. jij^L I j <St* J* * ix *j, * ^ *'^(5* L^.. v .a^I jj I * a^jL aLj 





<3sje* tfiL* 


1AA 


: uiUfl ^b}3 o-i 

J 'r U ^ i ^ ^ ^ ^ 1 

akiCjI.(JjjiIj«iSjj$)AJ•*>?l*J\g( \ A^f ' Jj^*) ^ 

J£i) o*J tSjW- cjUa-j. j\jj £-( jl kJjm* UJT ^y“L<l^( ^Ia^-ji. jbi-L ^k; 

V_jJl_k. jj . *j—£ 'jrjj* -ijj* o* 1 j * ^5^^ j (T T 

. c-il j j^ly*- ^^'3 £>* Cm' U jS i - JjU ( & — & i^Ia^a 

y4 > 1 6° L^gLbA ^ ^ jh *j-j k—JLel < -ijjk- j^ki-lkA 

LiJ T ( _ r _iL ^ Ua» i « — (jj La a "ii.ft a^^ ^ i j . jjj Ij ..L b I j IT ^y£ L ^Ay > " «.».«»,. ' » 

li; OjJ J A- L ^y* (ji*A U lb J^Ja- ^yA Cb b < ^yi L (^J j jj t ,jijb IS L • Cm> l ^*5 J I , ■ » b 

W=AT ‘^A° 

• ^-^u* < y'-* 1 i5j>' jW v' usW^I jl^ T A-A-jk 

. Njl C—I (Ja— JJjj A-p. . UJT ^^3 KftJ 3 ^ oL_t.^ll»i jJ 
jyj* J** 1 *' j j j^ 4 cS^U (yv 1* Z 1;} A **. 

Z L l 5UA^AA3 5; y L 5l^."L;b. (f—Ycr^}^ &s*^*‘*- ; ‘ J* 4 -^ r < 3^ > ‘* 

-aMjO * 1 ^^IjLSj^j* Jy*j» £<b £g f*. , £3j - C 3j ^ U d - . -ft tsl^- <>>3- 3 

c^* * 4 J^ J J (J-U^lial UJT c^ljj I cS^- AJa i hJb . u- ^ *-* 4 'j t5*“^r^ jl^jL. 

, AAAJjj. CU-. JA^ y^ji-J U ^lawA ■■-» (^UkjtjJ 


ij^UJT{wAJI (i — f 

M' D *S 'a^->Ac>»“^IjIj D y p jjL,A^-Jkj?' 

( 'l.‘£ Akjfc^U Ij ^ a — f Jii) AJtS^ya bUvl 4jlii3t5jjjl ( _yti*bL t O-iL 

MpC* = M' d c • +T d + M'C* +T m (Yf-f) 

0 = Pu + P« <™-t) 


^_f 3 U-T £ ■ j-T^ 





• = a/' 

• UJT :,j Usb 3 rf3>i = r„ p. 

"* ^j>' =r £) , P/) 


/G. = r. + t d 


(v) (uJi) 

| w . tSj-T* J^* 4 ^ { >-*-M . ♦ ) ©—f 


*-*—* cj* 4 -** <jlt-»>»- (jL»»v ^1 tsl^>*** u>^ 

(*- ■ • f) vJjL. hijLjJt* lj 1^-iT ^ .. m , 3 l 5LS^t-*.^ 

= (M d + MJc* +T D +T a {YP — f) 

: cf " • ■ -r £3*^'* W ^—1^1^: 2, ^4*3 ''■A* 3*^ ^Lf 

G. = ^ + 7; (YY-f) 

fc_Jjl o<« k -»^ s *' 1 L c--J ^1^- g. a 5 (Yf— f ) j* 

3 


Q. = [A/, - W D + MJ)c* 


(YA-f) 


^aJj Ja—y; O^ij* 'j 2 .x* 4 ^ £x* * iS!« £-* » i5 W~ “* ^ 3 >“ 3 ‘ Cx* u^>3 

• J J3^‘- 1 **“(*>r -^-3^ l* < csU-Jfj*^ 4 lT*** ‘ '-'Lr 4 

*— S*i3jj -•* — )*J—■*“ U J 3* jj'f—* 3 cs^—*^ # G j* jli* <-^3* 33-* 1 jl 

• U 1 - 1 - ‘j - ^-“ , ulr (Yf-f) aJ - 4l ~ 

tj c^jU (^7; 37^ ir 1 ^ ts^j>' 

. l*«.T <w_L»*> 



iS ^ L<, 


He 


= 

5 2M d 

_ p? 

2 M d 

= ^T 
M u ‘ 


(yi-t) 


-i-rtr^r *5 <^T 7}, tS ^>- 

(vjb (YY-f) j-i (Yl-f) 


^ _ ^z> + M s ^ 
ju_ ^ 


^ -4 


r« 


(Ae-f) 


J 4A~J> ^AJl* ^ *5 

-•ur-Jj '-'^ j l 

^ ( n T) Jj-iU-a- L 

aS ^. fS 

<2.= ~s. (*i-r) 

.^J-L ) T ) —Y ) aJaL».L-.^ L>A. A ~. fl> J5 Jjii—< <jl'j £? a o'j-'cS* A/**' j* 

5a = — 4, Z — 2) + Aot<a)(4,2) ~ -SiotfPjC^Z) (AT — f ) 

J—--SA- jl^LL . (iTY-t) tSlr 1 ^-LL- U 

I J I . L ! fl>A- .I ~- ft Ijv . A y~* I Cun I A A A IJ L— ^ ^ )— *f ) J^*> j A aS LsJ I 

jLjT , A«Xi A aI A (jliU t_g La> ^ 1>V i n , A*£ L /4 > 150 aS" A^-i^a *■ " ■* - 1 * ** J J 5a L 0 

— 4) ^p-^*-A t A -‘ — e> ^5-**j a5aJx>-^1«| \ Y—T ) *A-!-a1*a kilI Aju > AJAIj(,5^ a*^I 

^yoya^j^,} . I- «...t ( _ ) _*,L La j*-t - > Ma |>> yA L I j (_5 I < A~ L jaIc AA- w . f> A \£ jjb i ^ .. S . a - l L 

J aL-^J Q t jIaao NQ ~ ]26 e *j'^ ■ ^IaaI J uA-.Lv <JjjL ^>~A_, \ T—f J^“- jA Ij 


LSj>' jl >a5 aj^jo T a LJT AjA ^ 


.AviLiA^Ao Q a aS--I^« AJhA 

(YA—t) aJaLa jl ( 5 a )LJT^lA^^k Ja^^a OUjji; 



A'/z 


< 3 ? (i*V? CS~ 4 


I'M 


^ki Q mJ \^ ,Z D 


r* Q . j lji * tf p = 126*ijk 


**—• TT JjIa^ i5 * i , @ a j | <iio ■ Z^ = 82 ts'jr 

4 A? ^ 82^ (5L*<l— tsIjf• ^l*e^l jb\>-l cuip4-« ^U*£^t^w5U. 

• J ^l5* 



L$ —! J—^S- 4*s“ Jjojj-la—^i lS^J-L ^ 1—T (J^“ 

,jl — £j lSjIa^L tsUa JjJLx i ( Mcv <»-*-*► j-) Q a u-bj*4 ts'^r- 

> ' ' ' «—» ^ J t >V- L Li_; ,_) - T4 j CU «.«».'i flS J j LS' <*>*" ■■■ ft o | ‘ > ■ Li ■ > " «««» l * Jk— 4 «i I J 

J-e—? (^1 j* (jjljoL ^1*4 ^jLi-i (jLftjyiLa Ja—y; lj 

J >- o> 3 , ij, Z U« <>ji N L tsLfc-^-* ±~y > “>^) ^ 5 n >P 

. cjlj 


,k “*—*“^ lS*"^^ JA “ 4 aaLl« LsLj-jj.it ,J* Li; Jai* eSt ( \ T—f ) (J^*i jJ Q a lS ^> j*^ l*» —TT 

. X :lfl A--- j 4 jlj ^jLi. 

TT — G. C. Hanna. Alpha Radioactivity, in E. Scgre, (ed.), “Experimental Nuclear 
Physics,”vol ?, John Wiley & Sons, Inc., New York, 1959. 






nr 


l^. ’ l) l>*f Ja y J* Ift ( j^- -> - — |« jSx^m I J | | _f ) ,_j£i4- A A» k L 

l^Ajk^b^ft jA A* jlyi ( j» A " . - O Oj > - S . 1^. ( j»IS^Aj»4^ (31 ^1 11» . jla-, J jy (^ IftA ... fl) 

■——\j '^^Mp'Sjr ^ Ajljjk ^aLa. ^Ij 1 ^ >jrfj « ^j!-j JbJ T ^'>*Z j/< j' 

. a/ c^jt uVls* ^(VA—f) 
)oy)je * oja-^ uU-^** c*- -? *** ( M — f) 

0^*“ * C--.I A^-i ,3^- Jj»^* ^ a -’>* 

J- Liu jA«( £ f—T J** - j- 4 £*S ^laa ...ft a-b ^ly^JU- 

jlj—iu (jtfLli-l iJ -Sjji ^ 1 <-*-b • ^*- 1 J ,<4 A ts— : M 3 

v~b^lj-,(AT-f )'«JaU,a e. jjbj^AjUl 4 —S.cuJ 5 totU) (= 28.3 Mcv) 

. a-lL cu-i* <jjl«vb J - 4 N i Zj* (J- 0 ^*- 


^UJT^L^Ij ^iLl^ u^Li (vA— f 

^b^cu-b^jKJ ^jk^slahJ; L^T. •^j*'*^|*W'' , ( nil) 
aa— i f> Lu 0 yS b r KLft 0 T jl . a-a/ Ia~ . ^ Sj k. iJ » a J* ^blj j^-j ^ j 1 «-U^ 

#J ~£ Jaii 3 *-A-l yS Jjb J b I3 ^}y\S-± L ~ . -„ .- y O*' ^ '—“’ 

^L^-ib^^lj- *S j-ftj^ 0 Lj j^itsLj-1-bjT . c-J j+^*» Uaa-a j 1 
. Jp-ft1ja» VA—1^-T aS . J*j ftk-lj £)j— £)j liLftft^-ft *y) yj*~ A-b cJU> 

log ti = a + -£= (Ar-f), 

VQ m 

■ Tf r > . Aib^b /* jMev— j, &/' • J ^-*Zj l 


<z« -1.61Z I) t-21.4 
*«» 1.61ZJ, 


(Af-t) 


TYA ut° - »Vf • Se £ ri S J~l f 



,Mev 



J**U *A^—* V-—. **-j4 (J- 1 1 Y—f 

. ^>. A - b» *. jl Ail 

o IJ- i • ^—' I *-j *}*•)• iS)j jl ) (AT—f ) ^»y. ( K—f ) J-^ 

i ( ^ j — J j* L) j* - A >£ LSly*“Mj iS^ U Lslf^U -4 -; liU-ib’Mj 

.C^J^Uj ^S3>' o^* ^ C*->~ C*j ^ j***+r~ j' U^4 l« 

*4- yb* 4—J' . ^UiL^ ” CIiAJIm yyys I J <-A«.l y ■■■• ; 4jlAjl (J^A., J*'*’ * *.♦ ' iS^ 7° 

. c—i o-jcL* i— rfij-i j (xr—f) tA ^v*j i»>^‘ ^liJ^it^ij 


Y&— Scgri, 1964. 



Q„, Mcv 

V - > ‘.r >** ***** '£■*> L;^.... . i f—f 

K-°j* )**+ (>^ * f-j (xr— 1 f)*J«iU tiM 9 ^ ' Jb4J ' J ■ c->j“C-J j 

t5lj (j-Jali; . V*^ J?** 3 • *- i — 1 

. jS J-«j I*AA- L (J 



o'-T-'c**-' ^ j l • ^T L/ z = V ts'^? ■*- • 1 f—f 

J v-S ^U**® ^~y ' x ~^ 3 r i <j t 4.2 Mev iS^T c-'jj jjW < -^> J 
• Ty ^L^ 8 .6 Mcv 1 


Yf — C. J. Gallagher and J. O. Rasmusson, /. /irwy. jVmc/. Cftem. 3: 333 (1957). 
YY — After Evans, 1955. 





t sz'jf'Jf (j-r'J 


< AJ.J jS IjJ jl J-j<liJT J*-5 ^y-eyiKf ft-S 

;? 01 8.6-MevLsb>bJT U •iy p>J** * Jb- ^1^*0 )y)j yj b 

S. j). j-T^ M U 238 ^ Jjoj>;lj i^lkJT c^lj j 0 yli jj 

jjTL I -aJT aJj.> aS j 1 . ., ' .b»g< jjU 838 ft " ■.<- » jl ij~rr *• * l**» li b* ^jA.1 jl • ( ■_* Y—1 tj^v 

o^JU- J—-jL. . ^—I 4x; <» aU ^jLu ) f—f JS*z jj aS <^£ 0 La < a^^ o^-l_y» 
jl • J-^^wTh* 38 aUJ^AjIa^ J^54.2-Mevt5WT^I J i M U*».4-Jb l>? lL f . c-J 
UJT olj a ft£ «a*~I u-- < a-^ lS -w. u'* 4 -^ - Th j U J * 4 i-b—-b- <j*J° 

8.6 Mev jl *^b ^ L g .l ,? >~.ib ? a-, v$jj j! • • aaL *lj a - - * AAly ^ 

? JAj£ jy+S. AiL 

I j J l>i- o*' v W ■ i -~— ; V ■ — ‘ (1 ^ Y A) u- 4 -^ 5 £ 5 () ^ Y A} '-*>• ^ 

J- t 1 . A..^ I A-^^a A IA f ,; ^ 1 J *«■ jljf C*Jw Aj^» Jjjj J J aS < ^ y— I ft,.... Um i^Sy b 

() ii—f) ^yLiJlia-. (JI ft-.. - ft J-—;b- .JL, .L~y Ojb Ayjft-..,ftjA<5UJT <, ft J A tS AJA^ 
J J J*— b- ft5 Ayi^y uoydftA-A Jj«-Ia jA (jlj- . A^b 4Ai 

ft- > -.—) J* <jlftJaj»-^L J-li jgfZ b ft—A Ja»Ij jA (J j ... ; by »A • Aib jjus ft" . ... ft» J->- b 

jAj-J> jl liJT cJjA JUjj-l*- «5 VA-.I J- ftA-JLft ftjjyl «£ ii>ys . AjIa- 

*ft ■ b l>0 < j^Sao L jiij . AJ^A^S J jyb- ftA»-b j J ft5Lb > AJj IaJ ft A—A J—*-b 


cSj>' 


• AA - i ( _s- ’j (Ar-f) 



‘ftjj • u*^ 5 u-j^ j> ^jjL, . fJS-; 

. Jjb yj^lcji y <S^ a> iJ^- j' J-«b^ J^b- ftU- Jj>.Ij jJ bJT 

(*-* Jb>l lPj* ^bj °W 


^JjASL ^j . — .bw A» jl 4jJ ftS 


After Burcham. 1963. 





tlf 


^ z* Ir ( K ^ aLjL j\ 

oki *±*j£u» L > l tj 1^jL liJT^jj ^is' ^•*,jl jjCo^aLU 

•**fW 

X - Kt ^r (Ao- r) 

J.)j ±j.j IS 1 j.i . 4—JS Jji-b jj ViJT Jjj y ln ^T J>4 

( ^ of—T J^-iU. J-* 4 -? P Cf 1 ^ o'j-tz* ’j e 5*~^-* v > 


Pate-f ( Af-f) 

Ij j—-j J yp‘ UJT *jj jL ze jfl . (1 ©A—T) *A'j jI y *S 

r^j^cy* A- j j ^5-^ ujU^jIS o'r 


■y = 




(AY-f) 


6 *jJ 4 JjL |»^»< ^jl^T a. J * a.. . i——.I oj-i ^ ( ) &—f ) b ^-UsU 

(** Y—Ti_r->^) j* U» «JjL*» ,>*1 j-i( A/ 0 ) UJT 


A / 0 


M a M D 
M' + M d 


(AA — f) 


L*i^-~. o'j-ls* ’j (AY—f} aJjU. JIj£J 


4zZ e* - _ 

y = —[(eos^Vy)- Vy(l -;>)*] (A^-f) 

J J5i—• TUo ^ .. •>><> a . c—«1 j~J>- J a ’ < — a ^ liJT 0j j ^ ■ — . v ^ 

y = R/b=QJB (*•-*) 

ci—Ajji . < *j j j ■ (^ t— f) j (*n-f) ^^jU. ji o'f-LS- *j oji— o-A 

J-.T^y, >__> _ j, j oJstylj j '*( 1 (i-f ) tS-JjS -A- 



<jr 4(5 


) £r—f 3 MY j) b " OL. jMut^, L dS 3 


o .-\ h *- 2 £ 


1 j (AW f ) *J*il*» '*^3$ O^iT fi,< B^b > Ris***' lS^* A *“ o'.r 
(cos -1 Vy) — Vy(\ — y)* «a ^rr — 2Vy (YY'-f) 

y^^^--- h <.2zZ^'M t R)i (U-t) 

j— £« j'^'iJ T t3 -t^'juS , x(‘lWf )3 (AM) (A&-Y) **>'&»- L 

O-ilj f-Jb\ 

h** V -j «p [- H («-*) 

^ 5 ^ 13 3 ( A Y'—f ) dJ^Lu (Jiii dS f „ * dJaa-'^L < ( ^ Y — Y ) *dj .i la* j\ V \£jl JlS^L*- L 
c—cL ^ (V^-» *j Z D j*i '—Z *-? {AY—f) 

^ I 3 d^la ijIaIS Ij j— J? ^.. o^ v-fti . j-i aaI^>> X a 

(i'j—- (YWf ^3*- 9 * tjlA*-L»- Wj**- O^J^cS? 

j'-C—• t 5 -j a-? j* |W> ^ * qjU* 88 j* 4.2‘Mcv '— 


12 X 4.2 X 1.60 X 10 - *\* 

V e& I-— 

V 4 x 1.65 x 10 -M J 
eu 1.43 x 10* cm/sec 
R = 1.4(234)* 10 -15 
- 8.6 x 10 -1 * cm 


(«i T—r) 1 j^l- 


Y \ — Evans, 1955, p. 876. 





)U 


L>T .r^j- ^ fin * ( ) &—'f J^) iS^Sj** J^—'^ ij^x- O&r 

. cu~ I auwJfc jl jj-i c d_Lsli jj 

1.7 x 10 21 seer 1 (*f-f ) 

L cuJ (^^_f JaJjU. c—Ji Jjl a-U» 

-4^^® -4* x 90 X (4.80 x 10- 10 ) 2 

hv “ 1.05 x 10- 27 x 1.43 x 10® 

= -173 (*Y-f) 




l (ZseWJQi = h05 * 10 _„ [90 x (4.80 X 10-«)» x 4 x 1.65 X 10-“ 

X 8.6 X 10- 12 ]* 

= 83 (U-f) 

P = e^ 90 10 - * 8 (^ <\_f) 

aj jU. i-wS ^ j\ . ^ o*+* ^ 

^lj L 

A.wl.7x 10- 18 seer 1 

fj <=» 4.1 X 10 17 sec = 1.3 x 10 10 years 

^eJ a5 ^>-y W 4 ^‘ *1 °/f &x) ° iS ! P r ~ A * ,<1 " , 

L>b oW (‘n-'f) 


„ 2 x 90 x (4.80 X 10" 10 )* 

— crgs 


= 30 Mev 


(»•—*) 



c*(i 9 s * c rM 


m 


{^o_f )*JjUi jl ^ 


, RB 8.6 X 10““ x 30 

i = e 7 = —«— 

= 61 xlO~“ cm M©1 —f) 

• U (St—T) ^ u** * ** ** •*-» i>f' £*ls j j 

4 - ( IT—f J^—) trf./S' L (^6—'f )*J*iU» *—fli- jl 

( ^A—'f ) jl ■ C~J »■ jl*-*- J? *f Ijrfj • Jj5^ c-—j 

Uv'j L tsU* jIj . JkAjj, j*-jc y L lj A, j 1 "* • ^ T & 

y 1/i j 1/fcwf ^ J^o* vW jlSjL/? = 


•—{c 6 — f 


jrjjtsl* 4 -—*0^^l^c-JU-^l^iLIj *Sljl ^IL 

cJl* S' jl ^\, /». *;& J-U UJT 4j j O* 1 ^ 

< (<i &—f ij.i ~»v ) «x ui^f jjlicl c-Jl>- a. " .^. fe e» , jli ljj 

V* 1 i>l • ( ^ cs'j* TA—T J^- j) jUvl^l^lj S^ 

. P I C^b tS)JJ1 

*SJ —; 1 J lj 4^-** UJT 4j j *S .i/ u'^or >- &* 9 ‘ 

UJT*jj« ( vjJI \ f_f) Jii Ux. < ^1 . j^T ci— j<u a^1£ * S aiSjj* 






Too 


^ ^ j* «T| (j'T U* «iJ*^« «5 < V L I j *'- — *■ 

Lf ‘djlSb -.... a *S jUyl 

L = Mjof (l«T-f) 

,j*Ui c—-i u'^j* ! J WTjjj tf^r 1 * o*^?*** • *>j> T *■=•—»** 

iAgj/ (wr-f) 

l j-'~ St ) 

' u s'~S? <»•»-*> 

( «* T—T *«*-£■ *iljl u^® 4 -' ‘—*4 Of' j' • OjS 

S ±S { j, ^L«v1 (5j>' cr** ^Lr' j 1 

iMj, ’ + 2^P +V(r) = E (>•*-») 

cS JLr ^'rW JO* .&>• J^U* i5j>' u'fj* 'j Sr^ •J"- 

j 'j u* 1 '*'* j+**+*- j( v 1 f—f ) J^) J “ B, - i L j*i>f , > i ' 


*- ^1-iijl 

W+lW 

= 2MjZ*R 

«0.002/(/+l) Z» 90 5 J*«10- U cm 


ii'jf 


( 1 — f £»'jL (if—f) VO^Jf j 


( \ o Y—j J < oJ^— fjO’jfijt J^». T*o 

.c*J £j» j* '"zL* fjo-jfs s f+S^ J>j**{ wf-f )b 

n - 1L D. Etui, 19JJ, p. 877. 



/ -T *a«Tcu«J4- cu«jL» i—w j*> * <_- ,jijv j>-T JU, jj . o-J 

. £'\l£ Ij (^x-f) J 1. 

exp (ATx |xo/«oTxTxT) = V^ 

. t^aJ £ L Q m jil L a-^U. jj aS 
Jw &\ r ,y*~h JUi^l J-u . ij» tf-A L 1* ay_ 

* L yf'- J>a, ‘' l fl> J- 4 tf-TTfurw * t-U^* 4 ^ UJT 

£jj — £jj (JU a —,J«*»- I—iJT j Ja^y; tjlA^lj *—^ gif* ^1 

jl aS^Iaao^a a5c-«IajIj 0 Lu is W^ j^liJT^yStylj 

J-Ja^L JSijR—ii « J*■- * »- J-A* crv* • £•'.} j- 4 4 j.}* 4 *— 

Ij ,.J-*- £-j^ < tslftj —a Je—jbp . 1 Wm. > ^><1 j* 4 • (•* 6—T <-S* j) 

(J j " ■ ”,. ■ ■ > jlk^-pl < OwJ j£j\^ “A— (Jii W 1 J- 4 * > 4 ^-*‘*-f 

> Z t -mfu + S LiJT <o Ij j 4<4 Jbli>* j U <".« > *-f j rm« L t_. ik i ^^1 • 

l >'■» ■ I A Adi 4^5 Li ij I C w » ft jljC»»l A_f 

(JA-f 

a _. ■> ■.. ? . ; I j* oJ U-^ J^> ; j ^a-j^Laa^-a t—J l j£*.< jl ^a 

J^-j- 4 ^ ^ • • XJ y^ UJTjjLjjjp 

j\^Lj - . „: ^,i,.«^ ^L^yU-a->I jj ^y^ry ijlt-*^h>-l * I^IajIj ,jUa (*—*Jl —1Y—f) 

I *JT Ci-lj j -^my A >i*i (.5 Ujjlj Aili A5 JJo-.jA < OwJ (j-i Llj ^5 jjrfl jJ Jjj.lj-A^b^'l 

. ^ L ^1 jJ >; 

<& 6j£ ,jL*A « j£~ Ojjl» A' l . t A« ’ >1 ^Lj-JU jl iOwl 

jj . «a_*J^ •ijj— >a*L (jliJT toljj < ^IajIj Po* 1 * (IY—f) vJ^-^ j* 4 

• a- UJT yioxi < ,jT 

• ^J ** 4 5 ^LsJT^l^lj to^UjA^_ (T)^ jl>= ^T jl *i-L — ()) 

■j- ^ JUi*J jl ojL-c ^Ia^-U t ■!! ■ ; —TT 

' i_>^* iS< W- ^ ^ JJk * 1 j' cS^ 4 ^ f " » “ ■ ■* ■■’ ^ u*^^ 4 *—* 


t_J L» j I < o jj 











ToT 


L < U.&J—a ^- r jj UJT ^Jd ^y 

J ’ 4 • 3 J “ 4— ^J-fJ^ * V '. ' I* o^tj* <3^^* (_>^^ ' J ! „ ■■«■ f I -1—iL UK 

■ =16° u*^ j* 4 'j ls**^ 


: ^u? ^Uj Vt 

^ . a~'> o* 1 . ^jjlj Ij L, J^-K ,/jLT a-^-~ (ta-Y U ) JSU, ^S. j) 

4 - : ~~ A 4 >J ^ J* C — 1 l£“ j jV lT 0 ^ J J • °*“’ a:L “ a j l O^r^-)’ ^ r .. ■» " ■-* J*-* 

O' cJrfU-T!^ M O T ) cS ‘ 4 “ i J jy > *J • <iJ >“ l~U"£ i (J ly’jySJ I 

^ - j l^il *i> 1^ ^ a j ^ f I ^L . ,< h j j & y^ j ^-SL ^4^ I *xc a5 

)\Xf JL- &) o Ijr^jyt |»LiiA a 5 xi 6 jIojLw 

• Jl>^ l^L ^4^ I J Jj | Jui) UL«5 \ ','< « 

d J_i L Ij ,^5-li-l-i J*- 4 -^ ^ u*by*( vV j j 

^L^-jjj^SJIaK <j-ll»- j* 4 * ^ j'* 4 o^“ ( M ^f) *^-*1 U« A -“** jf 
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****** i*-0ji ( *jjl f — f 
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J ( T ) *— ^jjo . i Jaa- 4-fc j cSjj-' ti j'*^ ‘ -i-^U j^> li*»J a j J 0*' 

W=T = pc (llo-t) 

^ ^Jbl^ J-j ()oM )j ( ^oX-fJtsU^^Llj^l^U 
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X? — J. Csikay and A. Szalay, /Ywc. Intern. Congr.Nucl Phvs. Paris, 1958 , Publications 
Dunod, Paris, 1959. 
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Ojl-^ y^j^y — Kjij Sl\ 0 lA T -J J yi jJ L ■ » ; ■ ■■< 1^.T 3 ^,l jl J ^ C U-u> 

—b ^ ts-y <>■' L . jjS 

I " ■ " ’ ' |»j^l j*-r^b A ■ ~ ^ J Jrf^^ A_< jkj Jj ^4 jj ^g b - «i> jA^ > < I • « 1 ^«A A -*..- ^ ^ jwjk l » * « 

. ^ajJLUo I ^T "\^i>« 


4 —J-b. U**J jj aS . Ij p»- ,. . - ^ k. * jl^S 1 JU^-l jj 

*-■—ajA-^l t^JL- liL jl lj f -~— f~ > jl^. jk: j-> * c^-l^TJ^^JoL*, u la-- 3 

o^j—» •->*— ^ + ts^ 1 ^ *—•*) ^V- ^ llj - cr*^ + 

Jjj-I 0 j/ M Uk- b ^L rJ ^l jl^ r U-l o'r ^5^ 

A-S C_— I ^ \j-y L A__>-^ . AAJ <*■ J >^b lSjj-'' ^t- bj p ,. ~A^ 

^ 5 —'^ 3 ^ jb-f^i^Aj- Sb ^.jL^^L^UjA^ .—--- . Ijyy ^bl a oU— L"j 

A jl ^Ia:— ft IT ki-^ jj • A->v^jJ • C— 1 

J_A JL^I^ f U.ljl r . /.J ^jL*a^ . __l A^Tb ^Ia.--^a ^Lj^U. jJ 

. JjS A^iiT^AjI jloi* a- ixii 'j a-Jj' ["'' ’- .v 

aS. jk- jj AJ -- ‘A.yu* ^ jJ lj !" ■*» . ■■■' ‘ ^31— o '^r 

J-*->j • ( 3 T—T er^) 'j o^lS" '— * ^s'^j^' 

{ -^is* jU v‘ Aob--l c l^1 

■ ^ h ai jjua^ -• --■ '■ j a'• -■ A • a -i 3 ^ ki*J U j J • i ■ ... I ^ ■ . « «" o jj —'' tS ^ 

J^IS —ft ^ ly_J L>. JU^I I j uai^ <Sjj^ Jj-’ 

^lk.( 0 Lj A, A- l 3 ) J - L. JL ^-b ^ fL^ fl^jh u l~ (H-Y) 


£ JO jJAJ—A tS . |^r )e~ jj /.* |^»-j»- b J LS r-*£» ' j A-jlp- . jy— o'j- —Y A 

•'(c Y-Y jiiy . 5 . j) j-b A— lj jl> 

naa Jt- « y^ schifr -yh 





Y°Y 


’ J -- f^ 1 £* « J-iL (w \ ) JSi 

*3 J? lS A E l 5 j>I . vJ~J 'jji y ^ + L jbLj~ Ujl^ jl £* j* 
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f r - Burcham, 1963, p. 605. 

f f — J. R. Reitz, .PAyj. Rev. 77:10 (1950), and Evans, 1955. 
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^yjlju ^ l^-j— L 1 jjtf AOrfis J jXi Jjk (^ f’ — f 

^Sj r 0 tT—f) '—'jU* L <^ ^ j 

Jk^T _o > > .la 


r j>,(mnx) 

h =J o A ( Pt) dp. 


fHi 1*1 5y»4 

=J o nz fljJ? )^(u- 0 - w y dr, \jr\* ^ 


j L , IS *■&_; ISj JL < w-J lS ^ j-? 


/?, />«(max) 

r, - t} 0 - 

m 0 c m 0 c 


( IfA-f) 


jL j^»\S JS vjj>' vi- < 


R. D. Albert and C. S. Wu, Phys. Rev . 74: 847 (1948). 






T1Y 


W _ T. 

hiqC 2 m 0 c* 


+ 1 




^(max) 

Woe* 


0^-t) 


***& jjetu (lff-f )JljS^I . fJaj/ I J 

(**J l J * J - i L f 


A, =/(Zd,w 0 ) |uTT 


l« ^g!f? 

2irW 


(ltV-t) 


. c-jr # s (maa}L -U- jb^l . p* 1 --*/ <—j lj f (yf-t) JSi ^ 

dj— cr-JIS • [ (f-f-f )£J->L«* ] A, M -/ 1 

J^*-i 15^ <-S*^f oI^lS* ( ' ^Y—Y ) e aJ>il*» |‘^ , |* 

*—f 'j r { 1 Y6—'f ) iJjU- ] Zip' ur-S p-*^ J~~ b_, ^ ^ 

‘ i —*> ; <j* jO 'j ( 1 fY-f )1 JjL. j 


/( z W'i = jj^ji 


(m-f) 


_ 2ff»A 7 In 2 
~ m 0 8 cV 
« 6,000 see 



8 


o T j J 45 
Otl-t) 


U“—«^*'ya- <—-«— A/ lj Aul* •-i-^ LS * I A* {^' L) A/ j*i 

l*t l 5^*3 •'—•* o-b-j- * J**- x^rr — o3>^*' ^ M 

r-* I—^ ^ o ^ b ^ o L-. ye | A/|* jjSj j- * e-*S ^y* ajlA^U* 

J—J>> L >a oj>-^ £Jj * “^ts* 

A-S^y* »--Uv' 4_li. * A-5^y« 





(J (aZm£> t+a 


ttA 



lSjj- 1 <-~-sr r , f £<b • Tt_tJ5Li 

^lj-— • c—I _ r -^ J a_—-a ^1 ^ Z ■ 3 u3^j>7 ^Ua- X- 1.,. 5 

7^(max) ^ u 1 ^ L "U>^ f ^(max) > 1 Mev^U* 

.^1 

1 P = 1 D + L P + S P -f) 

^ 1 ^ ^ I ^ . a j~->- ^ j jji« j-? «— J D 3 P O*”’ ^ o^- *" 1 ’ > ^*“ ‘ *-*"^ J“~° ‘ ^ 
u-L>vlt- ; L lS Su^L aSo* (— 1)^ 4 j-'r ^ urWS 

■^LS* 


f f. _ E. Feenberg and G. Trigg, /fer. Morf. /Viyj. 22: 399 (1950), as adapted by Evans, 


1955. 


C <5^4^ 


rn 


tt p — (— \) L t-n D {1 AT — f) 

(f- i-, o^l. Z., ^ oW ! J |A/J* ^ 

■ ir^ ‘■s'j- 

W\* = |A/(I, = 0)|* + \M(L, - 1)|» + \Af(L, = 2)|* + • ■ • { - f) 

jj Ij J—.J . ( \ it—f ) 9 { 1 Al—f ) jj *S tf 

• J / JJfcl ^ kf L ft k Jjj, }J jl ^|^|2 

pLa -Lj — 2 U « £>*** l*^ 4 * Lf = 1 L < jL»sa |»b^ Z. fl = 0 U 

= 0 U (jr 9— f )cr J *~ jJ • * jtt* i £>■**« 

1.5—'3 ‘ ( j^ 5 — S fi — 1 U jl 

j (\ 6^ — f) cr~J> ■i-t'y • t - " ‘-- .. >- £>*)•* o-l ti'j- |A/| 2 jJ <-»^b^l 

• (T“~f ) Jj* 3 -?' (J°^—*" J^* • x ~?’ *3^ *j ( 16T— f) 


ft Ij-il (^yfl^JU* •t—'f 





G.T.J 

jLi* 

d + ) 

jHe 8 (0+) 

F.J J 1 -* 

7 N»* (0 + ) 

8 o» 

(0+) 

G.T. 5 F. 

,H- 

(i + ) 

0 n x 

(i + ) 

jl»vo G.T. 9 F.L^Jj^o 

I7C1 34 (|+) 

i»S 35 

(!+) 

^9-^ G.T.+ 

«Sr“ (f+) 

3«Y« (i~) 

^,1 G.T. 9 

mA 38 * (2+) 

ifl" £-) 

i=J^. 

£3-— 3 G.T.J 

jB 10 

(3+) 

4BC 10 (0+) 


. cu*J ajyi 4jlj cJU- jjb *Ai<jl* 3 tskrj'j ^ 

. c^-,1 Jjj ay jlo^Ay |»3->3* • ^ ^t-* 2 t 


A^laA-ia ( Y ft—f J jjii jJ log^i^ J** 3 ^* - 

O--' • (Y-Y ,>—*-?) Oj^p^la^T .jUa^a T/a '- jl A l J a />!•• j 1 *** 

Iaa • ;..., ft (> s^W-' 9 ^ip^ £3* ** { 9 “ 9 * ^'*■'*■^3 








TT 


J-^ J- 4 -^^cs-^'j^Lr "U^-I (16-f )*Jjl«] |A/J a J 1 ^ aS 
y^-jrr 3 c*3jr*j>i ^ ‘ a^'ijs’ ^^ 5 ° U 0 j* ' 

* C -*“' ^ U^J? 5 C>* g ^ * cS'^-rJ ^^ J-i • Uij-^ ^*V J^-V^ 

‘ ^La^a v_J^I jj . jjb W~ T e.y» ^IS aS^j^Lhx- 

1 ^-*' aSaaj^ u b~ (Y& — f) • •■ v ‘-« - a> 5 Ofr-Jjs' ^^ T 

■ ^ 1 c 4 O L«J I C < »»■■ b ». > ■ . A AJ !^iJb IS jL ^ o b<^C lj l_JLa-i^vl ‘ <~ 1 .J ]*M 

uU- j-i <j»r*~J ^ry» « 15I4J—* (j-ly- S 4-J3 1 £ 3 * J64- b-T ^blj 

. Jj-S a J ^ ^L. I^-T u l > . ( _^ ( T& — f ) Jii j-> Llj ,j/bjS t sba^ / 



3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.015.217.6 18.2 19.0 22.0 


log/'>4 

b-r c ft b^rl&d. v - 1 < -S jjlj- log/'j J-O I*- V £ 0 ^ ( T A—f ) 

<\_«l u ^i v < ) . Segro-bS ^5. j4 j^jj c^U-U- -f V 

f A — C. E. Gleit, C. W. Tang, and C. D. Coryell,“Beta-Decay Transition Probabilities,” 
Nuclear Data Sheets, vol. 5, set 5, 1963. 






f l \ j 1 «4f ^iL, ^1 

• U^“ 

jj aS < jj Lba^jL 3 Ij-i^l 'oU^li,! jl.L c-j^-s jj 

.^lajjScjla^l W—'T j! JSi o^r-jis 1 ^ j '— I «•»* j*-^-(TA-f ) Jii 

(j-iLIj (jp-t 

i—J-itAi5( 1 “IfY) * oJ>*j.J? ^U/a^-wL aS^jS-jI y 

J —~£ y-yy ^ j ■ A ^ j4 ^ -L-y; ^1 oj^ 1 ^ 

. Jjlj a-.,-a, J^>-lj jj jj|- I j JLia-l 




aJ 3 I cJ1> 


S —. « aj_i Ajlj ,jL£J Jli- j-Jy.! Y^-f jSi 

j' jJjIa: aS\i^».jA < Ajjl^ j-5 X 


piLSj-a-Jjl <—JL*- •■•' ( Tf—f ) j* o'^t-s" 'j ^5L^L--~. 

<Xj >-^ . J J I J ,iyl* 3 yt*J j*y* vfL- j 4!^ > ^w t^< - 1 (*■< ^ 1 >-^ ' *—** ^ ^ J^3 J 

jl . a -w~.. ft 0 jl^_^i ,aJijL ^1 ^sl^—jj^SJI jIa*; j —a> jL < oJL> <& j^jS 




J-^“(^-f j* 6 W ^ (" .}— 0 ** ^y U ] — I ^ftL^« ‘I -i-~o jj « ^ £-1- —f ^ 

% 1 o Ur* j*- 1 L a-.^) j I J t «" » > ■ I • ^j^y ' ——L* ^ j-i > [ «y«.'«£ a.. ,UiL» ( y f— f ) 

Robinson and Fink, 1960 • K a-^l 







r rr 


MpC* = M n c' + E b + r„ 06f-T) 

‘ 15-^* 1 4 —* J- 4 (-j j 1 ) O-Jj^ 1 (^-*^ tSj>' £j, o T J* 4 & 

• f-ta-ijS j£> ffJ a • ^*-1*-^ a^L l_J Lj-j-i 

)* J r'y ^ c -“”' j'Sj*. j * 4 Q 

Q*. C. = T'v 

= (A/p - A/p)c* -E b (tAA-f) 


Z.J <~»J— ^j 1 J — '*j£‘ Mp( Z ) > M D [ Z -d jSI < £ fl ssO cS 1 ./-? u>^ 

J -s4 x ' ‘ ■ 4 —^J* U • Jr 1 jj-L*^* 4 **if^l jl cS j ^ * 4b- * ^ je?^ ■ • 4 ^* 4 

. ci—I alj** l»^l Ja-y; (£ u^-^v vS. j) L x^jlfcy;^ J—-S’ 

4-p^U- -xiJy 4- ^U^-- (TY-f ) Jii j- 4 

J-£-—i cS V^ ^r'j ^y“ j 3 ^* ‘lj-i oJU-^jA-f-i^ 


• ci-1 -.v-i * jIj 0 Ll- ( YA-f ) 

^L-J u La (Jj^Ua. j'y-u* *J Oir^^ ^j'- 4 -^./^ <S ^e.c.<J~^*.J 

l S^Jf{ \ Y f ) ^jU-4 * ‘j* 4 4-—L>-» f-- 4 ^ 4iljl 

4 . l-i L. iS «l L L lu c jl jjU « j L»*« ^IajI jS ^ I j* . J La¬ 
os—•j T Ar* l j l - ji ji^, ./-(^ro-f) 

j-i/T^j'^'jAsU lj*J-:4^.U*o^:( Y<l-f) Jit. 

J • ISLa. '——I 4 A-t lj^ 4^ jJkJ L (Jji^ • • 4 -®>- 4 lS * U^*“- u )jr^ j*i U -1** 

A ax j\ o’^iy * ^ 

. j jj 4 jliLw,l 



5 (p- p- (j ,; V l j( *-*J *-^5- — • ( YY—f 

Efpizj ~ M mz _„ > 2m 0 45cu-l p+ 

0 < Mp iZ) - A/xkz-d < 2^0 *& J *) C 

. j-iL 




jJ e& L giaj.~. fc (jlflio A . I ,.... ? y, YA — 

L*,I 0 Li- L 

jJ4-< i^l 4^ L j_5 1a> " < ■ ,m J . ( -X. Ia»xx I A_w (_s I a. ' .*- ft > <_5 l ^ -x S \ y j^ 

(^.y. 4X 5j S jO Log/rj^^lio y 4J-X 4-ilj 


K. Way, A. Artna, and N. B. Gove, (eds.), “Reprint of Nuclear Data Sheets, 
1959-1965,” Academic Press Inc., New York, 1966. 





c5 Lo 


rtf 



jJ K JL—-I .' n-f JXi 

(j ^1 jlj^ I ^1^ ^Ij-: ft aJ aju 

(jUvjJa*-, ^y^ja Jail . } J-j^ . J^>. j ‘<c_j>, J 

. c-J jU, 

[ E, Feenberg and G. Trigg, toy. a/ 0 </. phys. 
22: 399 (1950), adapted by Evans, 1955.] 


7 # (maxj.iViev jj-U— tSj^* 


^Uj (jf’-f 

j^ j- "^ ~ r f *—1 o ^ L^ji; 1*4^-* l*< ( jk*j+±) 

is~^f'- 0i J^ C/S^" X ( <-*-)' 9—f )ur-** J J • iS '■* *——» 

u*“*^J JW- J V-^ ■ -*-i '■*-- ( Mat) u ^ > j*~ 'j-^“>- 
v + p-+n + e* (iaf - f) 

j—Jy, —a X- La^^yjL jjT «5 , \ . . -^ ^y. 

'-‘“ ,l L^^’jcr^'cr-X^ C^ 1 - 

«-►/ + *“ + *' (lav—f) 

OiA'jjf Xjj^L L !»I^_; X- ( J f—Vur^vjX'j-a , v -r k: ^Jb l^j 

. V i .1 I jSL J i ’ .^1 ■ £ A . . Lrtww I 


« + e + -+p + v 


( laA- f) 



T TO 

<jrri 

J—«U- ^jLjlliT L OSj ±y S* < ( \j j 

j* J—( ^^ *•• ' •-' tSjL-j^ iT j 1 U“? uj>^j*; j 1 

‘ *-j 1 o*-*^ • (c 6—6 i_r-*v) — j>-=> ^ 

O j At>-L>- J ^ *^»j lsW-^'j jt lj ( ^Of—f )cr^^ 

^ ^ •*)—•* C-5^** ^ JU^»-1 1 *~> ; >'- i ^ j>*^j 

. c«J jlSjL. ** 

-i-i-'y k _ y *~‘ ( ) ^60 Jo-**?- 4 ■ j>* 


ibA 37 + e~-> 17 C1 37 + v (iM-f) 

v —, jJj ^ 

Cl 37 + V — A 37 + e- Ofo_f) 

u—• ' ^ •^(j-* J Wv^ y'-’j^y* • JjL- jliiTj^SI^ j j Ij 

(■“-'^'■^‘jV* 1 *• ’ * X “-->-' l jj UjP-jJ^jL j \jbj~j~y tS -iu^-- £r°y^ 

l5 _:b c^p. : J->U. jSL^i, jl 0 b^l j c-^kUJ jt 4j j 9 ± oJaS 

L I- jjyj± L ^Jr!-*~ ^ ■—-~-fr- > - aS (J'J.?^ J-* ' ‘ — ^ * • ’ ^ C^> L [Sj^y* ■* Lf ^ 

-^V( HOA) j~>- ■ oo^/ < u—l^sjlj. ^LijS^ cu*_>- 

J* 4 *6*jL ( f 9 — f 

j k_^-aU- 

ts^y^jry (T®—f) JS^j^lk.. a_~jL (J £— t XL ^^-a- 

^——a- sA 0 T v _ w _l Lli; . c-«J «_5^ j.i c-^lj w—A- <£ j^.^ iL A 3 - j* 4 ’j 


W '^A: 


'/'• 


^glfcA..... n tAj^jk^.^; (jj/'y —61 


6 -\ 11. a5 t X _4 Lw 


— Goldhaber, Grodzins, and Sunyar 





r-l j J ^ 4— ISj j\ Jj. 


' Uj • .^u^' -vW >~ «v To—f 

AT, -c •.. .1.. T 


M 1 ) ( V ) 

X“ >->^(<-*-11) • y*yy *-*A 1? ^ o-jU . V o—f JSli 

* • 4 *- i (j - 4 ' i * J ^ j^Ja-T 4-j^L;( >_.) . C_5X— I J C*.<u V v 

• L jj yrtjry o*' 

‘ j-i ^ jjk-La . lS 1 ^ i —. - , « 3 j 4 ^.J 

jj ij—i 4 jl J ijLi- '.•.„ . *4 ; . >-^-J jL Lj— T *—jl Aj- W |*kj V _ /T ~—' 

Jaii vjjIa-^T 4-f jsy. t '-'jUv . c—.1 ytyy ^x, -kj-iy* ( v V o —'f ) Ji-i. 

. ly. J„xx; a^jjLa^. aS c—,1 j-i ?l jl5[«l 

l -^—'WcsJ j LO - 1 ' 4 - '" *** ^ ^rr****jV^i> * 

®-—S J- t _j-aJ- (J^j jl kJ-lS Xi (• W“* (1 ^ A?) 

loljjjl iS^jJb , I j5L < a .. .j l ( ^j 0 _; jj Lt; I >--j... lr> j J L-. jJ (_} Ia_w T oL- j 3 ?'-’ 

■ L>y- O^. . jyi {y-j^y < U3>^j>?)u-' J > 3 “ 4 *j-> J W *■? ()*:j i: r J '; 4 O.J>^’) 

• J-Jtaii I«X«J ^ dgy^L ^ ’ * >» . » L L jl ^ 

A;,.^ jl d5 ^Ia^A-oAl- J A Ju^Jai ^IjbAj^Jfc jl L- ^ low^1J — \ 

• 4 -—^ O‘ '^~ [ J**~ J* ^ 5 

<— -(-»- L vi —»>>L jr* ■•• .. * : *y» l Llj LI ^ j J « Xi J ■■■■ ^ — T 

1 !_r I • A-S-iJ • '-—' I J^*r 4 - . ! ^> j J v>* 5 4 

(to— f ) JSJL L ikf'j d^Xa^T^JiJ ^LLa-^U L cu-l j£*4, AJjI 'jA^jL 


Sn Lli x^L I j y^s-y & p j* ^ — 6T 

■ ( T 0 —f (J£“ ) J .r.; *-' X^Tj J ,jl J > ~ ^-> aS xlx*-^U < ci^ Jo^. 





TTY 


t5* 0>V? 4 (j 


• 6> '--A o'j- 

Jlx- I &S \3 jy bfc-f . v^~: - ^ ^ a _} laJ 1^* . .a j L 


" tS *A csAjj-*^ 1 


*!»/ ^Ul c _^ r 
jL ^—,Lb LjU r l 

■"rf j L *-£- o 1 ; 1 ^ vjS o W*^ ^ 

y- ^ ! -*j -vW (iar-f) J-r/ 

• M > , -- “‘ LS- 7 ^ ^ 


jl aSo»~ 1^U^UsIjA-"<^b-»^L4^—-aijbi.L&^ Jay-^ii’Lc^Usl 

r Uft^JS jj ^3X^*0 T <^Lk<^Uj<^I^1k'I ■ Arf^CU-. JA^^LIS^IA 

‘&_JjU<,] ^^y— j- ^ ;-e—* ■ o'-* A j i«r* , s'r^ a -“^- Jy^w-'r^ 

• k -~-' o“'-*^ > ^U—- j- 1 ^ 5 ^- > ‘- > o'-* 4 -—* <*>f^ £-'^ »^a-> >—1—i [(IT£>—T ) 

f 1 fr J^ iJJ O jS— '*■■-* ■ b ^■ iJ fni I • v—— I IS ^Lo_t ( _j~' J —* ■* • o ^^ o '' * 4 • — * >* j «J 

jl->*• tJjA )°~ jl aS L-yb ‘byj» j- o-“ b— ^U^SSa, '—*-~ — o^A—*-* oU— 

j 1 J^Uo-l j >-— 1 ~y> J- 4 ^ ys^y?** ^y° * «>•' • •*— j^° A • —* 

. (y-To^v) -^b ^ o' 4 -—»o^)r A 

*S . v——' L Lt ^IL> 1 _—w [ (^ Tii —f } *J -il^jA Ko—^ I®-*j- J- . -- — b- 

-b -A t . 4 j3j -.1 . J lj -S~fc I y <£\j\ I j A - . -ft uaL^. jl Jlj- ^'\JbC Jw< 

lsi - 1 ^ uA 1 j ] ^L- aS . AJ-V ^ oAj^ 

jjLa- . ^.1 4J— a jlj T^~°y jr-*> J-—-A o g <J>r • r—Aor* 

^5 ft o ^-— - S /kjb jrjl ^ o + ^ L*->*- '—t j-? ^j- ^ >— l 4 -^— j_5- 

^ L, ^ I Jo l^S Jj~ ' ;l . I t5 -^Lx.j jr AJI ^ly-i-S^^ j\ jb \ 0 + L 

u'^—w* u^!* • ■*-'■*l 5* 1 V * ^ 'j 


&f — Burcham, 1963 , sec. 16 - 7 . 





TYA 

>-uJLo tS 4A~J> *y?.yy* j' J*L 'jj^r? £—• ^ 1 — f 

J L ** .. * ‘ b i££ rf- 1 ,} J L ,1. J** ** .. ■» U L* fl" . ■ ■■ ft j I ^ .. CuJiSjL* 

^ * ~ * J L* jl lS*> (J L jl A*v . Ai^ 

.^-1 u/r r^’-r UTTA^ ->-» jj o/YT U T ™ cT 1 ^ T-f 

< <i—» 1—; 4 LiS.f v_ ry/jj* I jA ^ Ijl^j* < 4 J l* J ^ .» " -1_^ 1 jJ J J ivSL T jta^, 

UTTA ^ uYT£<iL a_^*-ca*-~ . Ij ^Lt jLj 

• JL f/fxlo^ JL f/Axlo* 

l - ; *~Lrj j-*'- 4 i5*J j iS* 4 -‘~ ft> jy^^j 'S* 4 A-ixJ^; ^Ij^j- ‘aj^ ^S- T — f 


CA.J Li 

4 -*jbjj,jj, jLi 

a AaL* jjl* j 
(ajLJij 4-) 

c-JLi 

4 A* L* o^*j 

128 

10 

366 

0 

99 

15 

289 

1 

78 

20 

241 

2 

63 

25 

210 

3 

50 

30 

189 

4 

42 

35 

173 

5 

35 

40. 

161 

6 

30 

45 

151 

7 


? ji A-L-.L, ) £ 4 J aJa* b • c*t L j—». jtAv 

• >A-L? a^.Uk» a-j»- jj lj isb-s.j-jjJ *J.3* <j**—■ 3 j 4 -* ***“ 

k~y NaTru'jJ- j 1 ( f i = )f/A'^* L “)Na\f<S l jr* 4 >3 ? - * 

* 4 —L o'jLfc. 3 4 1 o*/sec ^r'^r Na Yf ^ 1 v -— J< ^ 

(^Sj^—s.J-) Na Yf >—JLic^^b (<J-H) • e— l v> Ux,« jjAfLjlNaYY^jk 
Iajc(>_JL i xojj ^o jL»v! (»j^ o^jb- 4 ** L>^*j {’*?') 

■ (<-.) <-**y jl (j-,? ^Lc * Na Yf 





£ ^5- r '3- « a—L jj> p- ‘Jjj t 5 a'aju. . p,— L. yx. s. jl^jSJL(vJJl (i _ f 

l —--. I .-J r I o/o U j-'j- ^5—i» jr'j’y) • J - 5 

r- * At o oJU 4. 

• NylNj = o/n^-J—* 

sJ'^JOj'H k -')' c — 1 j-^Kf ° J** A*— • 'ij'j- ->3^3 J^-Ato a_L oJU-a- 
c-kic L < ^ylScS,. '—*y»- *j 'jyy 

aj ^-— K? o^- b'jjl-iyyAf o f k, a 5 |»—S^y y . J3- jISa_ • A f 0 S Kf o 
^5 I j aS IS t»SL j n .g- ( ^ ) • -*-“■ b 4 Aj 5 L 3^ y ^—> IS AT o 3 J 3 ■ •■ 

V L —,1 ,Ay- C-J N(A 40 )/N(K 40 ) = 0.5 

jS' • — , J3-'^ .r^° ^ o*j* J ‘ 'jy-r 1 f 

y^-J *> —. .J Ijis 1 jJ aS . V .-.. S I A < • t* j ^ j-! aJa^l j cS^ • a_L. yJ L^l Ay ^ J 3A lo 

X J 1 _ ) *; l ...' jii> y_>Aa^y yL cyJlaj > .. aJa^J ^ a . A—L, 1*3®—3SL 

( 'a = n/ v j5j ) Rarvr*- kJTj^i L( r» =u/t J3J ) Th YYVyJt^y- 
jo 30- jSL 0 T i__JLai *» y a-> * '—i«— kJ T ‘a \ -1 »«“- S 3— Ra T T T” y 3 ' , - fc • ***“ b i_y ^ 3 
f ^.1 jAi^aU^-^ J a*. RaTTT ^-JUw-ThYYY ^JU» (c[) V "— 1 
JLaS(Rn TTT 3 'i =f/AY ( 'l =^YYjk. RaYY^} f^ J 'j Y-f 


aIa_^UI-—^ - a-T^ ,a JaIjC aJL> 4 - Ay- ^'-'3 o^«J ;3' y L 

y» fl _>- jlS ,y't( NTP) ^5» krf'y- j-J . O' J J 03 J S 

S A-SJU-I 

Pot ^o) r 3-i3JLv ( r t =&/o i JL. BiY W ) RaE j' WmCo^Jk-x-3-0 X A-f 
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'-^^■y. 'j jA a^^Ala-JLo^ v_ajl) . LA-,1 j f kev LS^W- ^i^LSj^r'LS'j'^ aJ 
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. ( A—A$I aJiL>-'^L s lj ^ ^ — Y b-<0 ) ? LA— 1 j AJl>- |S^-^5'La 1*^ Ja— ^Ao (.Sj^r'^ 









l 4+JJt* \—0 




^ ^yy'j *5 « mi , 


He 4 + N 14 -► H 1 + O 17 


('-A) 
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, KjT ^ v t c*j^- JxJ 4J 

J--*S- ^jj* L Vj J \ b ‘-*-b*»v» j~)-± ‘ «——L» •k-l <r -i C^sO ( £ — & ) J—Jj- Lk* 

• - XJ-S J L»w l v' b } V b <.. « J -> x> C*£ j- J 0 l 5 *K^w U jT 4-^1 j uiy J J Ij b 



( jiy^j'-SL4^Li*» T <Sjj* 1 U b 4 j* 4 c5 ^ '—'- t j** * £> — 

^o 6 4 j- 4 ‘ 0 ^yA&i-LjT^Ujj ; 4 • 


. o-^S <vJ=»j-^L 1 j 6 aJU— — ? 





rfr 


sS)j j—t cs' 4 —*—* Lr^J <S* <jljf 'j fy £y <Sjy^ — ?y ' y\~>. 

{ Q < 0 )j£ <Sjy^ 3 y ^ L * 14 Ij Jbk« ■ p, ‘ 9 —A fl . ‘ t •• ' ■ LSj^ J y^ 



yS^ a_. ^°yj* • ,^—^3 (p^p- jS j» iL-. . ^ — 6<J^“ 

Q =(M a + M x )c 2 - (M b + A/ y )c 2 <0 ^ 

. 1. -. .I I jxi djlj ^l— j-bJ i—£j» n 'V i ■. .. ■■■■ j»^»- l5j^^ 


0 - A) (^ j 1 lSj^ 1 ^UpI bj^> V Lr ic ( Y-A ) J^ j-> 

J—UJT v_ljj . c—,1 «j-b ojIj N 14 (a,/j)0 17 

j"j 9f \ Mev t Po m (Th C') j< 'j A/A Mev l 5^JT ^1 esV^/ ^ 
j J u T «^j>* ‘ (Y—aJ^) j-— J^Ja jl . Bi 212 (Th C) 

4 j- j-; ) j jl fl -i' *“ ■ <■■ 1U . ca— 1 «-i-i 4^.L»b» f j \ Mev J jyy 

JL-^l . _~J (2 = -1-2 Mev ( U -A)^l~ j 1 ‘j CoW 

fooooo jj 4 *-J 4 - ^ L lj ( f-A u^v ■£• j) es’dbj—a. yJ^S | 

. Cl*-1 «Jbi ljL~ Y-6 4J ^ 4 ->'j <ty 1«J T ‘-^ l jJ LS^ J J 

. j / b5jj 


Blackett and Lees, 1 ^ T” T J I-Y 

<£ is*y. . c:—I aA*i a-ilj jjLii (1 Y—f ) ^ ^ 

Evans, 1955, p. 516, fig. l-3b_.b5A- ^1^. . Ajlaa jlj r o _j g a ^.jliu 




c(jlirLSfj 


rfr 



'—y-— j ■S~> ■ iS i-S* j J N 1 *(*,y>)0 17 (jla——a> . y — 

^1_»JT ^1- *-*)£ • ,jLl- JS-; <& < fyjy JL»* 

L « >!iIL. 1 o 3 £ j\ UJT S-. . •iS'j* a/A Mev 3 9- / ) Mev 
a -i^a j 1 L,^ S\ 3 j L?y' < T"/ 1 Mev “V-—■> L»* 'Sjy ^ 

(yT-i 

j'j—» c.m. j*i u l r^ o * 1 j (j'a—-* (jLv—S''^ 

k_,L>v1 A'’(a,&)}' r (_r^^ j J a-1£ ^jS—-/L < '—■ jyo ^-.1 

I 8 + lx + h.x = I> + Ir + 4.r ( TT — 6) 

*1 - P. M. S. Blackett and t>. S. Lees, /’roc. Roy. Soc. ( London ) A136: 325 (1932). 
Reproduced from W.Gentner.H. Maier-Leibnitz, and W. Bothe,“An Atlas of Typical 
Expansion Chamber Photographs,” Pergamon Press, London, 1954. 











Yff 


* / 5 * ( fi • 


b JS (j'a-j'j I ^T aS 


•^tS* ^A A>* ^'A 

*.»*(- l)* 1 *' = ^r(-l) ,t r (TV - 6 ) 

# tjsf'^O'J ‘ <— 1 CT-^^3 J' i ' i > : ?‘y l5^ a ■ ,lll fr l *-**.A 77" ,A jJaS 

jL>v» Ij o^lj v£- (A'-'A uAj* /* L5^ iA- 9 ‘ Jl^el o^A J^ 9 -' ^ ’j 

JiL^L 1^ I A.J-*"' aS -i—.L fS wlijl ^ftl? Cu.1 ( _jSj»ji i. ^ L.aT , jjjljy 

. .ijS jl5LiT JyS*-y0 


: iSU^mA £}y\ t-0 

i fl-. Ij j- iSjj* ^ ‘ ^ *® L *■—**»■ I ^ J l A' - “ - ^ (.5 ^ {■ 1,1 j > Ja j I j^b-. b " ...... 

• ^ jl J J^l J j^o j J • t C fljLJo u - -^1 j L ( lj A t f) 

jj *p =•o^5J^ )0 16 < C 12 ■ a * d - “aaaJ^ < jbjL— dj j 

* - * • ■ ■■■•■ g ' ^ .. ‘ ^ * — isLa^ji-iSlj 4 -? o"^lj * a = liJTijj , ^ == 03J" 1 

<s>sy*> tsk-^A— 

US ^slciy;^ Ja—y: aaiJbJ^; < ^Ua«j& ^ k «■ j S lj — 

■ rj ^ o-U^lkU jl « j-A x ^ jr \ /' 

A ev «* ^jk^k-dA — 

1 ev ^ l t*j'> > dA — 

1 kev ?» AiS cskruA— 

0.1 — lOMev ** £*j- vsk-oA- 

0.1 — lOMev « j* j A — 

10 — 

Ar-® JS lSj'a, ^U-A ‘ p" ‘ - ' .. ‘'“ A tsA «A-'iE A- *ksj J— 1 

v .a^iL^lS^ M 0 = M l M t l(M l +Ml) o T J J ^' M « vxr '^°* I /Wj > 

jIl. jj^iaJjl.0 . djj^Srf r J ^'j-' 15^°^/* 

jL-ftlS < m 0 ^U^jScu- 1 ()ff_T)dJjU L (yi_Y)4Jj^ u 1 -* 

•(-» 





* JLiSj I » . ^ a L ly— 5 *Xib 

■ < 40 #i_5L_ ^La>^...a._ 

. j-iL 40 < A < 150 _ 

• AiU A 2> 150 /' < oS~~ 

* ( c.m. j^) j-iL csjj-;' 0 U-a o'j'-* 3 LJ '~^ ^ J 3 > *j«i U 

(_5— 1 • i *“U ^3^-» p y- £y <Siiy^ U—' j^' • o 

Cw><a <J K*^ ^3 k-SiL j' * -^3" J ■•■• 5 la Q \jb y^-. .K»-9 3 \Sjjb < ^ l. » m * 5 1j 

L (_ 5 —ij ^'3 < pj> ^f-^y 6 ^ “* ■ r~S^ 


: r^c5- ^'j 1 (r-a) 

N 14 (/?,f)N 14 


N 14 (/?,/)N 14 * 
N 14 (/vx)C 12 or C 12 * 
N 14 (/?,y)0 15 or O ls * 
N 14 (y,/?)C 13 or C 13 * 
N 14 (n,Li 6 )Be® or Be 0 * 
Be 9 (Li 6 ,w)N 14 or N“* 


ur>jt u'— ^ — 

o^L ^U- 

(p f a)j~S\)- 

<jy>X <Sj 

o'i—-*> y,y»J^S\ } — 

— uy — 


y- 3 **-* y- '> T • k -'- c ^=' ^sj j 1 j'fjj'- /’ 

<tU-»-^la lj \—jO-iJbJ^a 3-^ jO-fi> jl O Lfr —-. 5 'j J |» .liLt —HO 3 • -ijS 


.b.L ^ , AJ 




p Lb ■ ■ j I ° a 


■ • i j'-LS a i ^L> r S j\ J j J-^ ^ • -* ^yS-^r 

o!^L»- ( - i —'>-^5® ^ ls'* “ ■■■ * o'v*-^'3 

-» ur-' i?/' •( OJ* L ,_yi> 3 > ^lyj^La-') 

• «ij’*i ^>=>-3 o'®-—J> o^ cS-^j Syj~> yaltu. ^3 . a v .. ^ ... 

r-'^ W- T oy .l^ Uiyl- 


j ^1L jj «jl—~ L lj a ■.... g> ^Sl, i a^L — ^ c 

• C—l L .- S L ^ •\jS\j;, <_S l..n«a I. 5 ...^ <_53 j ( 1 } 





Tff 


* C—0 

c~'——^.r |J^>^ j^ 4 -; u'.J-'ls* 'j —* J-^^3 '-£? J^- 4 -^' 

■ Jj£ u 1 ^ 


^yktn ^L w >_S -Jj*-> ( JJI 'f — £ 


|-L^- -1 j» O' j I u |a"..—■ |JA£ (_§ Ub fl -.-^i ft i_Sj <_Sb L ( J.. . ^ 1 j <_Sw/ (_gl ^ l L i S |«Jbj-» 

1 9 i^-< k " <.... i i_? jLfe a.’... fo I-S—a_, la. '.._ o. J L_^»I tScw l^»(w J j-~ ^ 

a^j / jb l -^b x i-sJUfe a J>U jl ^ \SjL aj- JiL ^jbj^iu c5L. jJ 

1 viA-la Ai, A jJa- <S}j r *-*(‘-*J' A—6) o* U»» 6 ^‘ u^j J-a-'j 

J) -^ uVlS* ‘ ^ O^j tj^N) • ;'>» O^U' Jjy. 

J?l a5 ^jjka- a I aSL^L ^ ) ^Ja- JL.^JJb J JtLa5j J S’ 

j - ^x .j * *vJ>- t_r*-*^.j j jjl j ^ J a- b^ 

j 5b b-i aS .V «<£ ^aiaju ^k » lj (7 «-»« S . j«i_J ^— . 5 1 ^ i <T a_. a^b^ oj-i 

I «I jj I tS i_^,1 | Xj3 •**'* ^Ja-» JL jk’ 8 . ( _j T .l . t " < . ., I i_s AJb aJw». gijJfe j- ^ -. .51 ^ 

. t -j..,;l J isy*j* <~J A th a'«...,fti (J ^ 7 t/? ! ) ^aiaSLo O Lu> L i jjT A-I L: 

] ^ ^ -Lw^-, jLfta^-Js L tsIa^-A ^ 

oLaJ , * ^^ 15 - C J 4j -^ y» 6 \j J 3 a*. ^1 

,(l^;yl» ) cjJJb ,P>: iw^a5« X 

J^. c^J^)j ,, U 1< ^ *)jSy>j-> U^Ljv^x'^ 15* o^-t L ft ^ 3 -') iSjx ,d x-^ 3 
x'x 1 »~ T 3 1 " V~ V^ T 4 x-< 

, i:laJ-t C-IM-I Jj-l-o' 

.^yjf ^^ = r c «^ LmISL’ = Inel . 0 L-iS = el 

■ ^’ls- i*^ 1 O^ X°^ ^ 


■ ^ jy^r 


H J-3-» < MfiY ‘ Weitikopf. J Bla:t } ^ ^ 

JL jl 4 j-i^ aS L t5jb ^ jJjia- i-L 4^< _ )T 







<S^j±3 Le 


m 






U A-fti <C.—fr y&A-. 4A—J j a aS ^ la- J 



gU. iS 1 ^ L 5“'- 1 u^'j T • A - AJ£i 

aI^jL jIaaJ jj . L; (i_, ^L. «—aJ' 


L j Njl^-! v -““' j-iL j >-SL ij aa cJji jl <JL y* JUj^-I 

J 1*X!^ I jj /j L-«J> LwO jJ £J>I^ ^-9 -iJfc ^ Lfr & .*■ ■ ■« f IaJ J5 ^aLlBla j+y A* L C-—^ ^ j* \ j* 

<jjjb «jU jls-Ij jj Cujb n £\ ■ A j< f* —^ ‘ ( l — a—aJ^) '»l£ *S*jL 
‘tt—i-Jkyt. L . <a— I aSLjL jl me jJaL^6*/l/<AA'jljui; . JuiL eCAilj Ay»-j 

&S j^Lxi- <*_A— I aIj*A o' gLaA« .. l5L 0> AJfc 


Af _ «i4 Ax a 

7 ^ 


(Tt* — 0) 


; L iil-l Jjl . J^jlSa., Jl( jjly;,^ 1j aJa-f lj I 


AT 

( 7 /, 4 )(h/* Ax) (YA-A) 

ok> ^>1^ jj S+» *«jj^Ty d-lj j jIaju 
” ^-*aa ( A^jk .(^j^jLi 


<C—A -La-- f. a (J U"..HA gkiAe jAu. g** «5 XiL t5jL (JjAJA- lIJJ> j*-.^^ J*j*— ) V 

« J ^mJ 4 J-#Im^- V_S - l . ft J 

C^L JL>lj J. ■ o 1 -; -r? j J If 

• ■ v .> ^h» ^L(jY— t) 1 _^> vj j 1jf 5 J '—»^L ^r . - ^> -«> A . //^ « 4$rfjU 




(£ l^LiS (j 


Yf a > 


^UU* ^ . (ib = io-M cm 2 ) 0 jL Icm 2 ^ ^ j^l 3 
• nA Ax = 1 ^jS^, i_J.>^l <jj}b Ulj 


/ 

A 


= *«y„ 


■ *SL,L 


J, 


(Y*-A) 

o T j J ^ 

= «. 


■ ^1*4^* 5 4-bj- eJj j ^ j>r — ca r = u a 

‘ 4 -^“ Ut ^ o’ u^r^^j,jj o 1 *^ 'j (Yf-a)lkij ‘^-1 " |* 5 j" 

jK^ .u^l 3 ^ Vnr*< 


N ~ no Ax / (TV — A) 

^U^NL J.U JJiL: ^ 4 ? a-L ^jL ^ ^ *kJ j0 J 

‘ 'jt/V os' ol^ o T j' t r ^ ‘ aS~jL jj 

|ft^jlj I L>»^ lAj/ is\j-i « ^ &SLjL jl . £, . ' j:. X I j ^a. 


iiV= -J/ 

— no dx I (T A — A) 

c-; b (1 f —X J^ 1 j) 6 ji iS i j»Lj \S)j r< U 

I t = I 0 e-**t ( T*l — A) 

a-S-jU LS^ 3 " '■—H* 7 ‘ • 1 - ; —' (Tf— 1 T )£JjLm a*—i ^y-oLjJpUJ jl a5 

■ a - 4 X J* 'j /,// 0 

'-i 3 <; nss 0.1 b 4 ^ * o T <j^j> o j ^ls? 

•(TV—A) 4 -l J '-* 4 jl (« is» 3 x 10 19 cm^ s , Ax «» 10 cm) jl^l yr jbjj J ^1 l&U»I 
il J fr**l>»- ^SjU 4 jj J L^*" I <jlj- 

3x 10 1B X 0.1 X 10~ 24 X 10 
^ 3 x 10 r* 


y_ • j- 



<$ f*z-jb c£. jjJ ^ L, 


L Y—A)o~^ lsV~*-^ jJ *S c^— 1 ^ ,jiuS ^d^jj« ^ 

a ~* J ^ J “) y L 5 *" * >A- jj. ( Y—frJSjj) N 14 (a,/>)0 17 

■ ^ 5 x 10”cm- 3 j'j-jU {To_T 

cr -(Jj^ 94 ^ J —'^Lf* '-* AJ * i d J^ ^ ‘ «^-JU jj 

> A 7 ! ^-S_— i^Ubd J V » ! “ • • >»» £^ ( •A- . o ^ dix».^L» Ij Y"--A (_ / -- •* »» I Jl^o) ■*■ ■ A 

*d_l jU« L^jS.i^LjJ ,J£ ^LjU gk o O jj-o u-l j-1 . J-^L^ u^*j ^5 • • • ‘ ^V 3 

•^u* { TA — a) 

Ni + N % + Ni,.. 

atol= m&TExT { * ] 

o 1 ^ j*j J*.yk->- r 1 * tsU >- <jo* c^c^- ^ *& c ~ l >*-? 
N t 


* (IjA)(nA Ajc) 
fftot = 2 °V 


<T» — A) 

dS ^Sj^Ld- 

<TT — A) 


j_JT«L— U* u'^ls* 'j(t \-a)*-*-»t«‘ ^ l - ry^ i£ l k ~^ ^ /' 

d_ . p^d^: JL^ (YY-A)J^ .^Ud^l>yb 

, J j-. jlSv >-^*T I U-= (t a— r) 


^ = -£l (1 — <r»»*Mt<) 
h fftnfe 


(tr-a) 


O-_JL~aJk jjUd,, *k»l» *A-— J j < i$'d iS't j' 

J ,U»i- pk- jl ‘ 

«A-- jj £»'j j/Q t/kai uSL».jS d-j'j j«> U^j dN '3+“ (jl^d 

fwj'^Yf - jl‘p-5’ df-S‘ (^ - fi> j^) n <Lj ‘ l; 


1 ^3'j 


1 dN _nA &x dajdQ 
IdQ A 


(rf-ii) 


f s . j- 





TAl 



li L- L> ^ H — & J^*- 

j L.J t^jL J gSaim J-Ja— 

C -*>'j ‘ *£*— ^1*4 Jj^l y 

J 1 " ' . ' J J jJ d£l '■£>■•£ (_y^ 

• J J^t5 4 


i 


; ,4 -r) £ki* jJ*-, a£ tijyisA- 


da _ dNfdCl 
dto ~ (I}A)(nA Ax) 


(T6-A) 


a ‘ x -' pla- 'j a {A*-, dojdtl j 1 a -l - 

! jo ‘ 


’= I ("-6) 

Loj l* L; 


1} J iSM 1 ** fd»m \ 3 (wf-i 

A-*.j'j .} LSj^^ ^ li't ■" **./* UAft 

J jl ^ A < aS « Xijlj \S*2* c5 J 1 1 «ln « ^ l~l ■■■ I — J -fc l . i"n . I (^g I A " ... ft (_5 I jL ■ « (-*-> j* 

ajIj u l —£j (^ ^ — &) JS-: jj 4 -^.jjf j (^ o — a) j J ^e-yjry u 5 * y. ^sc)° 
tgl^Jlkiu ^Ja- jl ^y-dU K. ( J-iL iwyi* ,jjj L, A....A A^j ,iL .Xft A$ ^IaJjS^jO^JjjIaA^ 
^JaJLe ^Ja_ jI ^J-L IS Ait j « > « i d_ ll— L»^ . ilL ly^>- ,jLU (_g J-V l^Lfc|_r-»V ^J-** 

. jjl jj -* yr) a ;.. b > <-S_. 




L j^ 3 -” . ^ o — AiJ^- 

£** c^t) • o 1 —^ v) • ^ ( l - aJI ) 

£■—Jais £— U- (-ft) . [(«,«)] c* =u “(' 1 ) • 0 L -^ L 

. u L-i5 £^±0 jJa- { j) tfjl-ij'j-S 








■ ^£ 3 ^* 3 *^ ^-r *jj- e< 3jj^ j' JjL cJ^i 0 I— z£ < £±$\ J( 

CjJU- (j-l< li. Ja~y&* lj < *ki- jja- U>?" 

fkiu j-J»- 1 >L»J jl. ^jji-Lf'f'^ _ A) A —LLo jl ^5 t;lj 

■ J jl ^-< L j—•« jlj jL c*ljj tS^ fftol 3jCr< I jl j •>---“ I ^jaL^—L tjJiiZsJi ,jLwi5 

. S—JS lj ^SjL ^tSj-; ,jLj v ~*~ ^3 j J jl JjL 4 j J / lS- V - 'X (J>j-* 

ij .«>A»r . A_y jJbl# j.A lj Jj< j« ij JLfe A lj— »Jb vi/ ^ UlJ I ^ T—il) <Jj■? U*A 

^>wy* 0^cu—I ^ ^I^L a5j!j ^jLi- 


j jy^j* ^ ^ (f—^ aJ jL*«) <. ^. .. M ,ffi a_L>Ij ^ jy £) ,jT j-a a jl j 

7 o = iJl/ 0 K 0 * j 1 r-r* /y 4 &~-> o T ^j > 1 ^ ■ ^~ l 


2? = ffi (rA-^) 

To 

^J~ V 0 } (Yl—f aJjUa) auL jjri-ttlS A/ # . *kJj ^1 jj J?1 

i xtl i j^ |*A jl jJuw* 3 -a (j*l 1 *- ■■«» j a^jL jl ‘j'i i-if 

• »Aa^" JUbl^i- >—.• I■■■ *►* 4^ j^w l ^jj l ji** jLT 

<^“ ) '—I 33j—z j *-tjr° jl 15“ ^ 4 jj ^ 

o'y^cs— 'j o* 1 • 4 ^ J *j (tY — a) aJjU» ^J^^-wa- * (v ' Y— A 

33j— s- a-—L>** Jy»- i^l^-jlj A-li; ^jS^-L ^jyli S*S&* 

. ^.-I Al—tfL 'ijy-j' J^U- J-* 3X~ cs'*o'j 4 Jj (>f' jl '-*~l tSj^y 




L.JL>.c^«lAjj r jIj^- ^Ui 3 v^l-t— } aJjI jL^ ^ A-^lj ij; ,jT tS 







~~ ! ?) 1 ( V 1 ) J I j! , j ! - ■*■ _» ■ 1 JO« I J J 1—ftajj l p, |» Ic. [ j^ij_S 

W J «{ K In =K fl =K 0 


sin $0 = J F cos <J> rfr 

frZe* , r*d4> 

= J^-“ s+ 7v 


I U . dt lj 6) aJ-iljM 0 T*S 

(rv-6)^u. +*(»>-©) l= -$(*■-0) ji 



(-) (^') 


jl a—SLjL JL ^ jl l j4J-, a kib ^il ! &_) T 

a-jlj ^IjL L «jj JL(ejJI) Z e jL L jl^jL l ^ 

^U-i j y ^l*- j aJjI o-ltJ' jl—^ + • ^u* 0 

• ( v) • 4 j^( r ) j^j-! 



c 





■ lS 1 j- ^!j j-»-c tSL '. \ X-&J& 


< ^4 c-^>L-»4- j^, o^*j *j-i / jJaS-jL eS- 

jl AjJiA^> jLj d>lj *S |C^ljy X|L ^kib ^ U i.w AumIxs ^5^^ * 

(oJin-fi)J^ j 1 ■ ij ^r-^J^) ^ 15 - ^ 3 ij 

^j^y -j- dy^y^ri*. W ^ *S-jU *^j«i ^ T •• 'i5* 

^^Laj A*j1j ,j3-loa^ 

dO. — 2w sin 0 |J0| (f^-6) 

4? jl tSj**^ • J-i 4 Ju5^ . C~J tx: 4jl.» 0 L U ^ V—6) iJ^* 1 *£ 

«dNjdCl j 1 InydyfA t c—J yA r . 4 >^*x &)° o-*^ 

dN 12-nydyJA (fT-6) 

dCl 2 tt sin 0 |</0| 

»l JaJ -Ij^o J jiu« »_i JLft CwA k-SL Jaj> > - ' A - 4J>-^ L j ( f J 4_l.i Lm ^j«A 1 _Sj IL>- L 

(nA A* 

(rr-a) 

rj b (ry-Aj^ij j 1 

(n-o) 


d® i rfy jl^ju w5L u-^^Q * i5* y <s**i ^ Y 

•^-’ j*— 


ydy 


da 


dQ sin 0 |</0| 


dy = 


D |</0| 

4 sin* 10 






TAY 


r*j lj . sin 0 = 2 sin J@ cos J0 Lx-^r U 
do _ D* 

dQ~ 16 sin 4 *0 (t A — A) 

/•^'c/jX **^X -ijjlr • (^-^^5- -^x 1 ; L "(jJ/ jJai. jJ*-. Ij aUJj ^1 

a 4 ■ X '^X 87 ^®*** A/ Y MeV l5j>' U tS^X.J.x cS^j- r ^-» * *S 

D*l 16 m 0.036 b j • Z) *, 7.6 Fj 1 ■**•«( 1 f-A J^) 

/I a5 /^i( v Y-l)u^v jA 

1 T—A J-^) ^jr^x ^ JyS J?l* (f A—A) aJ* iU» ^S-a a-^ /? ) 

L k^M-l ^.1^, ^ a^Ia q jjS’a^SI^ r mln ca»L— ij-l( oJI 

rm ‘° ” iGinle + 0 <"-*> 

cS^-^'x 0 yli . Co M <S)J X <s*)jp <^W~X.Jx cS*x ^ ‘^u* ( \f—A) 

T v = 7.5 Mev tf'x © ^ 30° j*> )T, = 5.2 Mev ^ © « 50° *-j>j ^ 

L ^—if J* i*- Lx l * ( f 9 1 — A) *J 'S^£r’\ a T U . AAA^y* CwA jl lj A^*- jLacI 

(«tf5.5 F) * Co 4 * d 1 ^ dr— J 1 Ax- urU* 45 ' "■‘a* 'j r mln * 13 F A L j 1 *^ 
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tSj>' £*-* 1 ('jiJjj-'* b i5^t J ‘‘ ^ j) 

< AiL aa-^aj j*-® o ’"*•' * • 4 vr^) ‘r^j* o-^rJ- 

(f f—& )**-)>»77 J-;!** j•* T 0 jJ u'^'u 4 ' ‘-Kr 1 c*’ 1/yjSi^-lj 

°c^)^g^ r ., r ; r p /4 < vr -'> 

^j** 0 O"^' J-* • ■ X -’^ —< U^>- c5j>^ joA*- r £\ ^ T< T*^ 

t*>\± f(fW )VI^I—J r„ ~ ^ ,[ (f A-A )Vl^U.J * ^ llv n <JS? 

o(n,b)~^- (Yf-a) 

jj. A—k>-^U { ^ Y — ft) j a 'j {£ Cr*^ 

Cd 113 (n,y )<jr^^ Cd Oijr'jr J^ jUli-^JaLC* 0*~J« ‘-‘ *- ‘ 1 *' 

J-5-JJ u r • *>j£ Jbrfl A^a-i^ ^jy jA u^u* *j (f f—&) )y*\ '} 3 c: ““ l 

tS^bj—i-ljL ^\y \j yj 2 ev j* ^ i5V*j>' j- 1 (n,y) 3 (n,n) (j^^ 1 *** 

. AJbA^e Cl**»/AArf A-; A« - .r 
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T* = 0.18ev 

r„ = 0.65 x 10- 3 ev (J «= lu°y L) 

r 7 = 0.11 ev (y=ij»>L) 

< 0 —i_ri —*5 Vs" ‘ (f * 1 — 6 )U r jl 

1 Mev & [ (Y Y —£1 ) aJ J ie ^L*-. L I^ls*- 54 ^<' Yn = 0.15 ev 
43 U ..x.., > . . . j jL—; t^l jl J Cd 114 <—£ jo a ' .,. a> euJL*- fj—** . J £ &^(ju u—I 

A ■■ L i_JL>-A— Lol? jl A « i jJ o j ^ ■ !> . * * <& Cau I 0 Ju_ |*^Jjm ^«^»e • , " »— I 

jjjTj- . e-J r y « 10-* ev 0 T 1*—e ^1^,. Cd 114 

by—. j* « 9 Mev U M 1 jl-i? <-5Lr ^jy J•* { f H—f iJ-i Ijw) *j j — & '3 

cJU Jefce^ u Liw a5 t^-,11' T f=H 15 ev^'j^ < «*L c^JL- 1+ —► <e 

. 11 <i j j — lie iL ,Je* '— , jy° 
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(YA-A) 
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) <\A <\ < 4-i- 3 . Groshev i. j . ce-J j* (jUjl^ 
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r° \£js}°*-! <>4-i>^ > i ^-' J U lS^— 3j^y 
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— (r 0 -£i)* (Y 9-b) 

♦ J^L^Yl-A) Jls j-> J l j C > <Sj^K Cr? 1 ( v TT-£s) JS-i jj 

■ JmA^L ■ Vi#^ jl«.> Li j*S ^ Cam) A Juv 

j\S jL c^ljj J-w-S 1 — t 

£^** C^“ C 5^ -‘.~-' j ' •*->“ uV-S 1 jljjU * jiSjyS'^j'y U*“^i ^ 

1 j jAsj>' *-^ V^n Ly ^ "^ - *•> ^ a - , > : 
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r 6 ~c-^ (YY-A) 

( vp-t)*J-»i~ ‘u 1 ^ ^ 


i 


y 


0| 


(YA —4ft) 


^U» U -i-. *«il J ^Li* ( <i ^ O—A ) J *1 *S t 4- t*wrT <^1 j J ^k iu ^ ku » 
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« £> ,jJ jl *jtSj> 1 ‘ (^csVfjy 1 J J 

Jrf-S 1 isV ‘ (j£rf*>> j-> V J jL: J W 

. (YY-A) L (Yf -A)^j**v 4; ^IjL jUjL «> L ojj^y 

’ Oij^y L>I ^ ur-^*JJ *“^!f j* (V^ - (^ ) J^“ 




r„,Mev 

M 

( vJhS* 2 ** 5 '^ \s‘>J*y cr^^s (<-*-)!) -TT — 6 J^ 

o Sjry o^*-^ <^ ai * 


J. R. Stehn et al., “Neutron Cross Sections,” 2d ed., suppl. no. 2, vol. 1, Sigma 
Center, Brookhaven National Laboratory, Upton, New York, 1964. 
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p OjJ LSjj— o^r‘ i 6 lsU-^ 

) A^ib ^ J^-, I Vft l JS-i jj * J-i *jlj ,jLl- u l_5 (fc A^ -i-J y <s-L» 

tSjj a—Jjb .iyj tS*iLj ^y>~ . .Uyi^ y«_—I ^ JA»- J^-'j- 

J I fl>i 5 L'4111 I 4jb J i|w Ill.i5l^ j I jj aS A .■»,>■ jSb i C«M> I ^>-0 uJJai ^ I < O^oJt 
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^Jj-SajLJ b (J ^i-L^ aj-Oj ,ji 5 j vi-A- IjjT « j-;L L-—j p I . <—Sy 

< ‘ y.5* J-rf~“' ^ A-, -^Jbj >v» *a-Uj- <£* 

V M -V + iU (Y 1 -A) 

£?b vib l_>. \ ■■ > - ^b-xjby ^ I a 5 AAJ J* (_g. V » A jb, 4_*-w Lm ijib • i^L^A- 

■ ■*»'>>• iL>wl *j £y 
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^—»c zy Jii 4 ^ jl c^U jj . j-^S .ijyv, ( uJI Tf-a) 

JSLiA- £y. «J*—^ *Jy Jjtlj jj . v^-l [x^ aJac^L Ij (&—tY)* aJjI*»J ae ikx 

a'e a ' m (A® - a) 

(-AifiS a!l>.^U 1j i-aJI y f— aJ^~) aS o—.I ^Sj^o k' ^T aS 


W* 

2M 0 


T+ V, + iU 0 
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T 
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^ • Tf — A (J^- 

■ £r gb S* ,j 9 js< 

• J*—-W <s)^ (*- 8 ^') 

C->* Cr^)^K.J^ Cr^Mv) 



(A ^-*A)j' • T= IfPPjMo L *j j~- . ‘- > l iiir' 

o^ (j***®* j fcj-y'r u*>** ^ J n J.- * w .>*L fc' *£ c-Jj-* 


V = K + l 

J y, AJfcl^>. j*j O'£*• £<k 4 ( A»—A) *J‘ 4 ^** i ** Lf i 

a ’ e -4L e iKm (At — 6) 

{A^-ab-^AY-a)*-^ 1 - *-4 *< -»>»■; <»&j> crur - * 


VJi% 

j -2jy,(r+ Kj jt 


(Af-6) 

> 

(AO-A) 





TYY 




u l 2 J.—? <j'^ ' -.-‘ ft <j“^(■'*,>-? J ^ OS' I 

i$U j-Ja- (3-*“* csW-'jLr cSjjj'* csVoj - '* 

L )/C i «-~l>- j-^lu . cu-la^T^^ (T-A)Jj-^ jj TV c;j J^f/ 0 jK 0 

u**'j-•* t5j>' u*^ • rrf 1 *^ 7 Ji-^?- J J >" b (A&—& ) 3 (At—6) ci-iljU* jl 

• ( £ ) ' i -'>" li 5* ^*A^>**^* ‘ 

U-'Jj-*' 3 WEST’S*: c5^ J-^ 0 tjw/' c5^>-'jL T — 6 J^^ 


t ; 

Mev 

K. 

Mev 

U 0 , 

Mev 

K, 

F -1 

L, 

F 

0-4 

50 

3 

1.6 

22 

10 

50 

7 

1.7 

10 

17 

50 

8.5 

1.8 

9 

40 

35 , 

15 

1.9 
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t5^ ' "^{J* cSj./^ ; "■ • “"'* * ^ ^J»** jj J-^O^ 

aj^J I . jl j 3 Mev y (1 A—6) j J o'.J-'cs* L»A-c^' j' 

a. .«i ? ,J Jl» i til Iajm . -^>“^ «ji»- {Y^—A) *— 1 ;jU- 6 ^51 fta!».>• j>i >. « f a-» ^ jl v_~Sj* 

j o*^ - f®^r 1 a-L*v* jl ^j^u**sv 6 **“ 

aL»- (^jUto tiJL>- vi* jj a_,b^ djj al^jjb , JUbA_t jLij • <—-i^ a . ” ...a a_L>-^* 

tSjU^vo LjJU ‘X. • ^5^ lT-V *—Sj* * tslyjjai. ^Ja- ui?'>*' ‘ AiL 

aj J L»« J Jiib J - -1 a L>. j j a j b ...J 1 ^y° ^s? Lt« ji- J 1 c5 ® j j aS ci*** 1 ‘ " ,m 

. aii^ (iTF-T) 

(A? " a) 


(vA-T Lr^) 6 ^ J / fl W (r- A) Jj-v- ^-i^-TY 

. !j Jjy cSUa^ r Jaii J ^ l 

t From H. Feshbach, The Complex Potential 'Model, in F. Ajrenberg-Selove (ed.), 
“Nuclear Spectroscopy,” Academic Press Inc., New York, I960, part B, Chap. 6.D, by permission. 






TVA 


• ^ = n *& 

• a 4 -lU |j J^ « lirjK 

A^Jt ^llLi = ^ 

rAy ^u~‘ (^ jJ- (T-A) Jj-^ L 

iS^J 3 * J ^ ^ *■-* iS ^j-i A^b A^jb (jiwljil 


A «a 2fl 3 

«* 2, 16, 54, 128, 250 (AY-6) 

oL-iS" ^kia ^Ja- . *!iLl. . c-4-.l ajlj ,jLiJ lj ^lyl Cyrf^> 1 «- j^ ■ AAA- Aj 

‘ ju-iL (fa — fl) ‘iJaJj jjfJo j- lj 4 t 7\R 2 *1^' ..s^a-f ns)y\fS Oiry 

J J L> V-^ 3 -* (AY—6b ia—^ a ii ( j^ J w U i s ^(5lei lJ !b j LaeJjj^Ij!j 

l >-** 11 -' >~ n* ^Uyj>K lsI*Lu^ . (A-IajIj 0 La ( ffl - &) JSLi 

^j\ uni . ^ ^ ^ g» IJ 

<c -“' j* ls^^" aJ^-« ^ ^a) ^ ‘ J tsU-^jy' j j ) • o^yy 

J_SLi a— kJ j jj *5 <_*-1 <J j-L>-1 cJy ^ < ^Jj» ^Ll ^Iaa-U . ca~ I ,3s 



s lsoij-^^y (-i a—x ^' — ta 


Y*l— K. K. Seth, quoted in Marion and Fowler, 1963. 
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Cos 0«(c.m.) 


Co 59 j* <jijryo^^ {}*** c^*" • —& J^ 

• Lr^y~" ^ S—^’■^Mev fl - i jW^ - ^ ^n j' ( Jab ) 

lsWj^' c5 ^ ^ i^^lj* '^■^o {'r—&) j' 

u°J—* ‘ -A 4 J* 4 L> >' L^ 1 ^ /' t°x- jLS o 4—a ^.Lmi ( ^L ) 

■ ■^^*"(_j #v —‘ * —**“ ' — L t S} 1—» & « —< fcj J 1 ^ 1 La I jT^. I . .. J __ *f o 

•{>-Y—Y ur*^ j * 4 fj * 4 ^• j) |o'|*e~**/i U ou»l t_-u«L^» jli * (Af— <$) j' 

f 1 — M. D. Goldberg, V. M. May, and J, R, Stehn, “Angular Distributions in Neutron 
Induced Reactions,” 2d ed., vol. 2, Sigma Center, Brookhaven National 
Laboratory, Upton, New York, 1962. 






TA° 


a j—r !p L»v^ ^Jsu- j.i Jai> (_g'a, ' ...< a> ^5p L*_. V 

J ^ ls'j-; *$ < -r^j° c^'jj i S^jn 

Jj-^J .c-J 

j^Tl, >?*-*• ls'j-; lIt;' ^ 0^*“ u'^lS* 

'-‘'Jp j* *~! • |*sf (j Lii ( Y Y 6 ) ^ J ^ > < ^> » ^jijSjnjfcj- a *i-£ a -i L~ (ji,; I4J . -i-£ 

0 J J ‘ lS^j* ^±j£\j* C-j:L a^... ft j.i jg ^^4 JsliL 

a5 c-J 0 T r} h~. (c.m.j-i) 

CB + BD = nX {A A — A) 

t ^^S\j i ^Ljls (^LftaJj 4 -»v^■ e—J^ 5 >1 5 JAcii n oT; J 

*5 (jjUb' 0 L-iS 

2 • 2 R sin $0 = nX (A 1 -A) 

ls'' j lsU-* ^ ° c^“ (TA—A) s (\ f— A) lsW-^~ 

. J-(AH—Aj^'j j' "W^ ^Lw lsIa<^ U- ;T J j S 

£»ljj.i. c—JA- 'j o’^Lff* W*^# 1 j 1 45 r^Lff* 

. aJuT C^—-1A- ^l; . . . . ,; UjT ^j-^*- (5^J jl ( A—^ ) 



a A*i (jOjj JS-i jj . c 5 - > ^> cr-^ f-^j- Ja» 4A2 ajL ,ji-L: • YY — AJ^i 

a.i 0 *—!<jb j J 'j j < A" .,... ft ^Ja- jl £ J A jV^ 

. A-iyijj# L_.jL>- "1^15 oljj a$ C--.I ^>-1^ * ■ i -*-*^(J* 






TA ^ k. ..- at ^ 



A5Fc M j' UJI 0 U^ • T A — 6 J^i 

Vs'j «-—»• ^ ‘ ^-“ l * ^ 

. ^c*-,1 64 Mev( lab) cS*ij> csjjJ-c.m.jJ 


YY — F. K. McGowan, W. i. Milner, and H. J. Kim, “Nuclear Cross Sections for 
Charged-Particle Induced ^actions,” vol. ORNL-CPX-1, Charged Particle 
Cross-Section Center, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 


1964. 
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c lj_>.l I jl . !>» ■ > ■ Ajlj jlji ixSjl' i A Ja> bb aS Ij a_Jj 1 i—bj« a " .... ft 
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. AjI^^y^SJV jA . J cSj'A-b Jaj>- Li jJaA^ Ij C^ilSb ^LftiJjjl j» "b^lyw Ul? } ^Lw 

A b»>_. I < -X> j'• -i jlji j_^jL>- Aljj «J > i -Sb a 5 Ia_x_>vi5blj»> 
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a aa a IjT f 1 1 jp ji b y 1 T Y.J 1 ° 0 < v**" jr** ‘ j* L>*^ <j*j a r ^ ^ 
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165 ± 5 Mev 
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5 

(uJj-y T ^ T )i5j«»-b j sK^iry u- :> 1 *•» tSj>' 

6 ±1 


8 ± 1.5 


12 ± 2.5 


6 ± 1 


204 ± 7 Mev 

Q (J5)« a: JS ^jjl 


t SegrfcJ964.chap.il, sec. 11. 
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^— Sm » (_5 Lte a_......g> ^ _i • > U.( YY — ) *—*" ^ v ” ■'■ ? ' * " .4 ^ 85 ^-f (^st o> A">»» ft) j s^j-! Q ( ( j-'"^) 

Jj •«- j ■’ .a 1C-■! i^SL &S a— ^ A- - ** i I .V ■■ i—jli— >i ^>" 

. Jjlj 



— Burcham, 1963. 
f Y — Evans, 1955, p. 386. 
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a_wS I j ojISLi aa_,I^» aS ia*~, I ^ I i»5j j a I j ^ 

l5j>' ‘ f*jjU (Ub j 3 U-( uJI n-A) l)‘ (iZ 3$/4 )S«jA.j; 3 £L-Jb 3 J aS 

^ . c^l */_,-> c*A^U^ r o T *-J QZye'lr jr^ U./ ^ 

jA I—fca^J? j a A-i J-«t-P Ajl^ (3 W .,,.. A <3 l o> 3 jz-> • ( w Yf—A lJ^-*“) •*-<j^s , “ i ^sr L Lo LaajJ 
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YA — Evans, 1955. 
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<io — Evans, 1955, pp. 387ff. 
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Af- Wheeler, 1963. 
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«-S— jl a j Lie-. I L V' * a.T o—J4- ajv^ W j^<( 9 ) 4-JjU. j*i\/2 ‘-r** y* 
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5 jjS A*ly»-ij (A—f) 7r° uj>* ^f 1 j 5 ' ' 03 * 3 # ^ js ^* 

O* 1 - (A—f )^jW-c U OJ'AXJ* 1 csU--»> 

(T— f J^L L <& i Oslb \}k -L^cJ 1 ■ 4 - u ^i5* IjK* 'j^jW 
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T — Brink, 1965, chap. 6. 

T — Hofsradter et al., 1960; Littauer et al., 1961 
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*t- Hofstader et al; I960; Littauer et air 1961. 


Brink, ] 9F5,chap.6. 
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A - Segri, 1964. 
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1 If A • Foldy '-$• J> U"'* 4 l5^° £°!> -T*" 1 *■ *■* **& isLr 1 — 9 

Y- A. H. Rosenfeld ct al.. Rev. Mod. Phys. 37: 633 (1965). 
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) - Brink, 1965. 
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V - Schiff, 1955, sec. 18. 
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( u- ^-») 


, r jl J ax~o . ft-^b j^> JLy(0) 3 ,^'ft >-J^—- o'^ 'j *—^ 

"J* _iSlj-li-b lj/(0)ti.b ■ r~5ft^l~ J^ISVJxU ,1 I^T^LftS^,! 

<-jJl Jlx) JQ Jj-bt u'-j r/ ^l ^’j” 4 

<KiX-r ^ J r*rffl ;■> T.*T 8 c- ^ ^ U '"~ J ^< T 

• r £bxa- iS 3 ^ ^3j j —■ 


^=n^8c vr'dtt 
= i^i 2 1 m\*vdn 


(n - «j-i l ) 


c-5^ £* j-> ■ c-J r j\ dN x r—r( U- ‘-*J>) 'jY sc c^r 

JjX—oA-L XX_S^jo C-S^p-i/i2 J=u-^ftXX I_A- ji: \s^y>^B J-a-lx jX ftS ^ lj j < ^S. L*X 

. j-xL r j' 

lsIj-- . ( ^ a — >-aJ') ft-JjUl / ( 1 <\_ oJl) 3 ( W— >-a-J') ^^lxl»o ^jl^S-U L 

^-jb ^j-51^- j-L—'^ a — 


(To -oJI) 



HA 


J J j( 4 J / L O If ilia I 


[ (Tf—&)£-bla° aOJ^S ^kie ^sk- ^ 1 ^, 3 

<r =j\f(Q)\ 2 d& ( T \ -^') 

‘ a - i —J 1 ‘ /* ■ oL J^j ^JatL. aJL* u y 5 l 

( ^ ^—T ) ( 0^°j aJjIjx i S^j-: '-£-■ 

h* 

- x—V*y> + Vy> = Erp ( TT _^oJI) 

^w 0 


■ ■— J*° ^ > 1 3 


r . X I 


y = o[e ,fcz + /(0) r“ J e ikT ] { TV — '-*J') 

Ij ^ J >j/ (J 9 ^-' (j'.?—^ iJ-alaliL \j y"(0)v_^j-a C^J^.0^1 j.i 

. [ [X o — >—sJ l ^ aJ J lao J jlSa- ^ 1 *... ■ t ^kiio i-—L>^ i_ $^j-t 


(T—T )a*^ j N-»lS l j( TT— , - 4 J') 

* '£$£’ k ‘-^- , i5^) - 1 - ; L- L jlS « • |«-. ^jjao 

>—®J^J aJ^Lao .—^Ij a_Lo^>-joyt i j^ia_^o . | yr 

( ^ j 4 -) / oS_. a_, pi .iS j* aS |ta -5 ^ 4 -. jj*j ^L^j>^>a jLaj Ij ( T T 

• c -~ 1 

1 ( J J ^Li. J jy>-j^ ^ I j L . J j-. IJ ^ 3 J 3 t —' ^ < o S ..«.. its A «ta ftiai u j I 

c-tal-$. -;ta b jA-s jl aff * Otavl a-A-i a«>I.J ijbio Y fo j«i aS 

Ota. I a. _.. 1 j ! u_ ^ j Vlata I j jJb . ijr“ J ' * M ^ 


J «a /A f y f tjjl) 

' 4 ^ ai - j' • l -*“* = Ijlc 


A - Schiff, 1955, sec. 19. 




nv 


J ( d ml ( C fV *>■*£ > (_£ O (c ^ 


5lq iL=.l wljj j 1 _ ) i_5lj «_s^a «^_J6 L 4nax b lS^. ilio L c-.lj.i ^L: J>\ 


°react « ^ I ( 2 / + 1 ) = 7 rA 2 [(/ ma:f + 1 ) 2 ] ( T 9 - «^J») 


o:b ^ (At - A)lbU.J B u.y/ m „/l 

^Venct ^ tt(.R -f J) 8 (TV - 1 -aJ | ) 

^bio jJa- <^1 ^- -.. . . I j ^s-U^ -bis o'^-^ 'j <J*' 

• 

c-^v-ij^o ^SjjS oL^v. y Ij aJ-ilaq (fV—T ) c54~'>^ <^®3 

'iyt j ?.j *—■^ y>- aS JjS 

R(r) P< m > (cos 6) ( YA — '—*-") 

v'yr 1 -^ Z 1 45 -^-j^s* lS*^ ‘ o^U- •»* cSjlj- 4^11; / oT j-i 4$ 

^Ji- 5 4 -r 1 'y^ j( 9 ? ... , c£} lj f(> } 0 ) ^Sb.,* 4 j j Lo ^ y* 

|»-Jb >3 i'Xito.# I <XH«..V J 

PM) = ^ ^WP^cos 0) (T T - ^-11) 

i-0 

■ ’ ^y ^fb . c_4-J j j 5jl-xo <x-l£; >^-a- P t (r) j A 

aS jIj 0 L-;(r > 1/Ar)*' j-— jl j3 j J-Jji jj u ly^ < e* l *(= e‘ tr C0B °) 

P ! (r) = /'( 2 /+ 1 ) Sm(kr ~ * fa) (To-^iJI) 

fcr 


SL P| 0> (COS 0) V l< i M .,< Iji5 L. j -X i r ^S^gqp j JlJjJ^A io^>- ^XIjv/^COS 0) —- ^ 

' ^o=1* ^ 1 = cos 0, P z = 4(3 cos 2 0 — 1) jl jl^ j I Jul: 

< Ju.^ ^0 j '^° C ^- > —f I j l«o " >• 

J P t P ,. </(cos 0 ) = 0 /I / y /' j Jp,* {/(cos 0 ) = 2 /( 2 / + 1 ) 

C A_JjL»o I—9jJo jj L ^jsLiOjI^o J>i /^(r) I c 4-^ L>»* J.i ^ty^jo jl 

. j/ajlix.1 . {/(COS0) (J3jr j /*,’ jjfis uJI) 



^ La 


ru 


Fo(r) = 


(V j\^e i1cx j ' S |_5^ ^>=5-a->v j 

sin kr 
~kr~ 


(n - ^sJi) 


&l=^,t j -U— I j 0 jL ^_, ( 


b) . f{6) ^ 

r^ts" 


/W = S/.fi(«>se) 

i-o 


(rr - ^J 1 ) 


^ J jilfl &S „\ i ■ ^_j 5 ^a b^ |ft-> b J j 5 ' ■ V '*..- aS I j ^ 5^4 jb O^j 

. 0jl • u T v'>^ 3 pr--^ **£ J- 1 ” ^ <£^j-! b ( T T— l - a -J*) 

iiL( L 9 ^sb m ~ ® c *j’^) 


R(r)P t (cos 0) 


LJLLu,/!^^ .^/^^(Tr-^JI)^^ f l /Uj^LJ^ Ij-jU ^JJU 

^ Y Y—. <_5SlJ I ^ jj ( T ^ fij ! j w l*a ^ *\jSq. . 4 ^CV « 4.^ A->wo »F ^I^O I I J 


i?(r) * a | 


( sin kr 

~TT 


e ikT\ 

+ /.-) 


= ^ to + 2ikf„y" - c-“'] 

u(r) ~ (1 + 2ikf 0 )e ikT — e~ ikT 


L 

(rr - •jJ') 


^Lui <vb 0 j j3 T ^ b. ^Sb cr <vb ^U. L. U T ^ 

(Yo—<_»JI) aJjUojI.^-—- I j / 0 h J-b^-xJ L. 

->/ *~.U- tj s or 1 ^ 1 ^ ^ 


£-w <^-^> 

Y ) .<-*JI) *J*il»« j' * ^ °c-1 0^3b j' ^ 


O^*-! ijr^ j' — ) ° 


X—T 



rii 


aU!U>{ 


° — 47rJ/ 0 | a (r^-oJi) 

u'^cS* *-» s ‘ 4 * i ““'^J!? j' J 3 J J-°V j J • J ** 4 r j 

•'—^ (rr - cjJI) Jli#- 


C** jb JUi,l 

yj*** l ^ U tS J yj> ^j* ^ W— ^ {*?•*r> '(j f—&) yjr**-; j-i 

■ -‘-r*^ c*'j cs'<^-~Au—(u^ - * / <^s U tsW-^r 4 A • o>^’) 

'o (*»2 F)->jA . «-/> -^ L / ^RfXK- 1 

^Vs'jLr' eS^-aS p^ -.^ < ( T— &) L- ■ o 5 ^ 3 J £ L**- *- 5 1 '—'■*£ f*y. 

I = OU -lai» «i-L tt-p j-Sf*\j* (jq \{ e v^j lab. tsW-rj^r') 5 Mev a.L c.m. 

. p—-S^y* JjlM S lj Jy>- 4 jJlk« JUL.A-. J IjJ . Jyi p 'awJ 

* Cvw I | ftJ I j ij J L»* ^jLkJb |*-~lS V( j->‘ *X- L- oS l£jSLh.<jJ J LkO 4 ^ jyo 

( C.m. J J ) I S^iJ* t j- i Tfr 0 —f* - tSj^' .rA 3 ^~f—E l 5 j>' 4 ^* i -^'^: — 4 ^*' 

Ijljjj k J-oljj jj Ij jl^L. 1 p— .i^ ^Li, A* jj j^1»->Ua. >.w' 

^L-JaA- 4 Ju^Sl^j Aj j 4 j -3 (rr— dofdtl *—• ^-~h > LA 3 

j-j r > /■(> jj I ^ I (^ —*—*J 1) _^« *L>- Aj-? • ' J -‘* , L' ji-o L»_ 1 j-a a-L K(r)4Sc—1^1 

aj J luu JaJLi U_ L L* * }}*- 1 jl - J_5« 


_*^ =7 > 
Jl/<fr* °^ 


(YT- oJI) 


U*. •r J J> l j 

« = A sin (kr + <5 0 ) (rv - ^) 

(r-^IJ^U vI^^jl.L aSj-^—a <5 0 3 /i 3 k — (A/r 0 )*/A, oV 

■ j jU J liiil" 'j d„ ^ - .. . ^ ■ ^ 3 *" ‘'—ij^^* Y(f ) ^ j J 

jLSi-. ^ ljlL;J { *K .t« ^-ta— ^ J jS^5jJ»* IjL (.5 lj- yji ^L»-^ 1_J-C I I 

. jlj l jSLJ 1 



fa' 11 ■ 


rto 


>j (rv- oJI)VJjU ju . 

y4e _ “ ,| > , 


- (e zii » e iVr — c“ (ir ) 


(rA- o^ 1 ) 


^ f k s , ^ L 5 a ‘ U-L ‘ —I jlS ,^1 e& "^)_jl 

1 + 2 ikf 0 = e Ziio 


/o — 

e 2i *° - 1 e M » sin 6 0 

(rs - ^‘) 

2ik k 

i/<7 

sin 2 <5 0 

j' 

dO. 

= k2 ■ = A 2 sin 2 <5 0 

(rf - <jJI) 



3 


<7 = 4ttX 9 sin 2 <5 0 

{f \ - UJI) 


^yl^Lw £-JS> /I : C-jLjJ j-j ^»v j 1 *j jl» CU-aJbl 

r — 0 LS ^=>- < j ^ iJ^Liu. jl ojLf (vf— <-i-H) aJ^Ln, . oiL 

( ^ Y — Y ) aj J Lao ] 1/(0) = o k I ■ L —1 jj I ^-> J>^o i_,l y* ( Y Y '—*-I1 ) <J J Ljlo 3 * I 

aS" i5jjt4- (3 0 = 0 J jy> ^1 jj < [ aii^^L 

u = A sin kr (fX~ *—»J') 

£■** 4A -“^J* Oi^ *■?• ‘ ‘<7 = 0 • cl ““* L5"'j "r-^ 

jU jj JLluI jl c —.1 c-jLt < 5 0 jl» J li;-l < ,jJj_;b_, . -xib a^-il j j 3^-3 j—; l^^y^ 

Ij a-cil> J~—'b_. S* J>\ aS jIj (jLl; (j• p--^ Lr-jj 'j — ; L~ ^ ls**3 £*• 

^ gSb ■■< Ta_. ajislj •». I L-, i_ 5 b 3?! 3 » I c -. X -o (I A ’ j..l jJ1<5q ajl^ojfe < ij—'jj jj^bui*«ja la_, 

^■3-0 £—< b a —% ci— I I (_5 Lao a- c^i o < 5 0 i-SL. . I ^ySL^o<l .i^ I j J * 5 q a ^' . ^ . ft .13-i. 

. ^3-1^0 a. \ , ;;$ Jj-I J f— <— »J lj^-.lixo 


- ) b o j I ^'.,— a T( 


a Kfr) 1 ^j 3~° a- I 


; /I aSv 


T? 1 


. 





tA\*wgJb Lc 


rrr 



a '- J y=cr. 1 j** *?■) /„ jlji- k _> Ot5^5 u>? 

3 j-5 yupi- aA ^ d 0 *5 u^“ ( V^—oJI)VLLa»{ j-i 


— Urn *->o ~ 


e i& <> sin d 0 
k 


*• 

k 


(ff - «jJI) 


. jo u'^cs" ’j (? ' — ' jJI ) A* - ‘ 0*1*^ 

tf(fc —► 0) = Ana 2 (fA — i_s>JI) 

£>-° <-sWj>' j^* •*'■* '—■^ u'y'iy* *j j*j (A>* t ^°- ft > l 

u^l5° ^r- j' £j^“ ^ 'j { VY — ‘jj'} 

u = „4 sin k(r — a) 

t& Ak(r — a) (f^_ uJl) 

u-2*=^- J-*- j 1 c ~“' ‘—jU*- < { 6— 1 ^sJ') ,3>U^< Jjk j>~' j' 

^1 jlj^L»-1 j JjS iiJa^-^L jj io .. - aJ s . j* jyz** j^-^o £-;b 4 -l»i 

c-—- V ? < -° L>- Xsja u-_«i ,j^>- • '——I <-> t">f a < -i-iL r — r<j j J ^s*^° *-•* ■ ■?* • ' 

>\ ■ ia cJL> ^KaQ a5 ^Jlum jl | A_ . diajk-^L ] — uJI ( JSm j 

i, ■».*>.. i OlAX< L>^o cJ U uSL. -Uis (_]....... b_, j?l < j^is 1 _^.»j(i . ji_aS^o j L»^ 1 i.. — o a, wSL 

ja lj -ij'ja ^1 . c—.' (jfci- a 3 0J>r f = r 0 L 5-^ > '- J £3* 

. (jbl: (<_ ^ i_sJI . £ — iJlH) 


uyjji - o3 Jy J T-un 

JLi^l L / 0 6—ol J Ja-,^: s JZx£\y, ( «Jaip o J ^ 

I j *J Lmo ^-j jy-z**a J j -i fti is^ < Ciu l Clou -— j { <35 V *_) L; ) <5 q j b 


i LS JfeLj*o l- /t A? |jLfJ { fr— ) '-**J*' — 1 f 


„l 


jl 

. ^_.jl J I JlS JsLu« j aUio ^Ja— ^ jUa^-ll lo 1 fS 

r* t 3^i- a£ -i-iL- l5 s_mo L c 

. A jl Jxi— ( 1 /uXrfw/rfr) U 1 . 


LS^ ‘ A 1 


a I * 


» A 

* C^a^ut 




-» £-b . tSUrrJjt 1-L/i -i - t-jJIJLi 

• '-~~y u "» AK(r - a)^ o^l? a » i —-'y/ 'j uXrr 
. c-»-Jw—* a« < vjJI^JSb jj-U sl». ■« (a jS aL>wI A^Jibo b^JL*- l 5_. b^r j?l 
( *_ ) JSa 3-lL» a . Ayi >» (iSjL»-) -V*»b tS-4- J-—^b_. j?' 

.C-~J <>- 

^r^cs* a ' > *“” u J j^ <5.r-**A b b ^15 ‘ (H*^ J-» —* is b 

J— * 'J* a ^“"? 4 A b< \jOjj tS b" . *'■ b .. **** 1 b-< (,5^^; d^L jA < fl~p jjJaaS^I^ dj Lad jA 

r < J'o jA lj (Y— t_aJI)TLJ A Lm. 3 ftjrS'j* jb- j A Ij ( ] _ <-tJ I aJa la. ) 

*j (*-*-^) tr°bj J^ 1 v'a*" 


u = C sin A> 


*' = [M(T» + r 0 )]*/A 


(ifY-o^l) 




La 


rrf 


• ^— 1 alS — J j-i ^Ir 1 T 0 £ r^iS° iSjj T -»b 

&-*(T Y — *_sJ1) ^>b L r = r 0 jj> j— aa, 3 (f Y— £-^b 

I a C $ A b a^v L . aa? 

K' cot K'r 0 = A: cot ( kr 0 + <5 0 ) ( f a - oJI) 

a J L^L= 3j i» Li r <$ o <»Ja Lao £-j- Jj> ^1 r 

r* ^r j' jr^jy< (f ^ <xj a Lao) a ^-1-51^- J^L aS ^ ,jOjS—\ 

j-> kr o j I ^_.l ^ p£ ^g-b- - * - csb_,jj-l . eS ^. aaL l _j r — L-r 

• <5 0 J-bo 

f-'-'^ijr 0 (T’o ^ ^o) 1*^ lsVtO^ 1 <«S^ —T 

/:'*** (m _ ^Ji) 

I IKo I a«o ' ** ^ J I ^ ^ — ^-SlJ I J dJ Iju -Lu- ^ JC ^ j -> aS” 

E 'Sjj-'^ J * -*• “ * ^ ^y> Ji-- • ^L |£| <^ K 0 ^^3 ^ 

. cu-i { r— >-sJi) Sjjbu, jj 

>—.—- I A ^..J) I y>- ( X— t-jJ 1) aj A Lao L / A_ i_jJ I j <Ua Lao a^*_.ljLo jl 

k cot d 0 Fzl —K ((io — i-aJ') 

( o — ^—SlJ I J &J J Lao j J (Jj l jSj- L> L r J t ^o d jt J |^o LjJ I j aj J Lao ~Lu**^l# K ^ 1 jJ aS 

aji ...< i Sin- Gt =; 1/LI -f" cot 2 a) ai*jla_< a ~* -^- j 


<*T 1 _ /j 2 1 

* A: 2 +«: 2 ” M T 0 + B 

4TT& 1 5.2 

cr -=-barn 

M J 0 + 5 (r 0 + 5) in Mev 


(61 - ^Jl) 


(M - oJI) 


^6,^^ o-ji. Ij <7?»2.3b jlAio aJ^Lo < T 0 <5(= 2.23 Mev) 

. A j 1A lA< j-. Lao i >..... la A_ a A I A f y — k_sJ I jijia. j A aS < 4 b }^~*J ^ *° b ^b L5aS 

aIaaoIjA b T n = 2T 0 f _ ^Jl JiA ^a aS^S*^) 

. A^A^gO A^. ( (^ Y — tjJ I) aj A Lao < jA^JL. 1^5 L^w.jj^ I J>i ( • (Vr 1 b «i j-< 



0 l_^ J±J\„ 


(S'Sr&y 3 J 


j I a j I £, a ~.. o tc IfIs I 


VTA 


o 1 ^ oj - ^V-—^ kSj^jL-L ij- 1 kS^r 'j ur* 1 ; ( H VV) ' ? \r^3 

U L( ^L.4— JU ^Lh^) 1 J5 LL n-p ^.*-51^-. ; j aS 

(jjyfcL)j^. L k_j.ii cs'jIj ^ cr^p-fc^r j?>-y ( ^bSL <—J U-,oL<v )o JS^ 

. JjS - r-^1 Ij (AV _ l_sJI)xJjLo 3 < ( fo _ kjjl) A-ljlju -X-.L i J-iL 



^3—3X- — Jl_^l ( aki. . <r — ^sJI Jli 

S-, p—5 jj . ^y >w ^>w ( k-S-H) . J ^ Ctrsjl j* j- 

cr-!~^ 3 ^3^3° jl aS" ^kio j*i 

i_aj l J V aJ J Lao .J-i-. y A J-i Lho ^ala&a —It-- ( i_, j . lL— I A -A &> !..•■« Li < i-^-y I 

• 1 *J IS**?” i ‘ ( 

* '—***' 1 ^5^ L ; >—<-1 Lp- j«i J J 3 ^J^ J ‘ A i •> ■ I 3-? Ij-; >-iJ L- J J J 33a- J-! kJ ^ * • **- ^ 

Ja- 3 ^ lS./*• J-iL AJ-ilj Lu lS j ^‘ - *-~ 2S -(- S j 

& — ^ [ ( Vf—Y )**J*il*« m A-? t„ . . ^- ] j^-i^yo tj a .. -k .;. n f7i s ^y^JaLao I 


, Akp-L>L= lj H VY Bacher. j Bethe k_bS . aJlio — ^ 

W — D. J. Hughes and R. B. Schwartz, “Neutron Cross Sections," Brookhaven National 
Lab. BNL 325, 2d ed., U.S. Government Printing Office, Washington, 1958. 
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Mg — OJajij • a^,L S = 0jl y . •> • I ^ ; ->0 ^L^-ol? L tj 5 b —.Sj^ 
. jX^. . aj m s — — 1, 0,l >i --U5 = 1 1*1 * 


_3 sin 2 <5 0t ( 1 sin 2 d oa 

rfQ“ 4 ~k*~ + 4 k 2 


(ar- «jJ') 


. j Jjrfba-, csUciJU- oJJa v-^a- s 3 t a**b <^V-a^-Li J J ^ 

O.Jj-J'^b'-^k.A* _/»**• jsfb^ aS I^lj^ « \ _ ijjl L? i> v jl 

E = £■* i5j^^ U cuJU- j?l . E ~ —5 c5jj-<l j J 

. jl C--.1 OjLf ajl£ <s_j j? Jl jJcjI ^kju ^iau. « ( .xiL ^jiu# L o>A <» £* aS) 


**/ 3 , 1 \ 

M\T 0 + B T 0 +\E*\) 


(66-oJI) 


i 5 *y*" )3*l>^ ) \E*\ s» 70 kev ^ 4 n-p <»bi« b 

. ^r~yj» (9 — «-*-M J^) ^.yr^ £=** L?*bj L 

J-^be jry ,vb ca~J trb^ ^o b a--Iao £•* cSj>' o^ 

O*' J fb- . [ ( ^ — 'J-ll) JS-i ^b^ Jjy A-jb ] C—J g j £-yo <-£, L-. jL. j-A 

- ^-*J') V aJaU. jl aSa^T jlj^. Jj=l ^bi fAjt r 0B ± r J V 08 c-jjki 4jb jj 

Ja-iu Lx* J b 4 J OjLt«A_, ■ |S*-*^(_y*<——S « A-T^ ^bo— jO-fc j- cjlj-f ( H 

<£ 


^Voi 8 «* ^o» r (J « 1.0 Mev-barn {_ ,jJI) 

f I-* iSjb* [ (— »jJI)VJ jU» ] (k-lA^j- b <& kr a < 3 0 y*> ^jt '-r~*j& 

—ol) I ^aJ o Lm j- |«aju *ajL. j,?!. h yS f~sbj* j j- I Lc l 

Im‘...i..^ Amt Ij (^Y — oJI) J (^1 — ijJlj ^JaX« m C>ljL-t ^jb-ft * AJjSj j L>w I ' j 

* ' * S '-r*r° J'* ^ 


(1 + Kro + ft^j^^b^^obLa.) (AY-^-H) 

gmJl o U ^11?I jl d*) lc m I L • ^ Li 


) A — Evans, 1955, chap* 10 f sec. 3. 
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3 j * j( 6 J ( L dS.i.da iS 3 c—■ £c Oh f 


^*5 LS* A 


» f — odl 


ft 'A j' L(—3 


U^Jjl 


► 15^*5. 


3 v ' OySji — 0^3^ 

<j? £9**3*-! 3 f k A J £ a-=bb- & — v-sJI jJ Ij 


•o-jla^o ^L<u. j j ^lacJU jj ^ . J^jb ^ib-^ 

^.jj tS- lSJIaju. < ^3£ J iu, jJ tj dl> iaks Id 4>jfl 

cS ^ b ->3?-3 (jla^ w A ^laaj b jl OjJj 3 Jj- ^3^1^ c^Le^lL' ^-1 

. L ^ «i 3* VJJ3&J 1 J <J^ 3 J j^r? I • «——< I J b^ I ij^ Ik 4 I 3>J J l*k, b 


• 03 />> CJ1> f-JJl 


CuJjJsMjI* J*«?y uj/j* 


"hiJLa- 0 L_; aS sJJob aslj' ^k^ JL 3j { HW ) A 3 j- 

^'jj-mj' I i .b* —C . C * y- »^ ii *«*.*■* L kLwoM^ ^ L^__r T , 1J ^ d..' ^ r 

- a—S (aa — ijJI) iJjljto £* ^ 

j^ - o '^a-^jo j' 

jl j-Zj& —L> l j3j^3w(4^iL l jiJbl?^( > f3j-<3j J3L4SJJJ3 L t J^yi4 ^1^13^3* JU^3^ 
. d b w4 » I3P- d 3^~ 3^ J ^ Vi * !«> .■» 4. ' l«ii. ft i jlJ-SJ—J lj-i 1 <Ju2 b la Ajai J b c A-bs Ik 
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) ^ — Evans, 1955, chap. 10, sec. 3. 
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rr- J. D. Jackson and J. M. Blatt, Rev. Mod. Phys. 22:77 (1950) 




j o jt <jj (iiwf L o ic .£&f 

C-*-*- I ,^Sum 'a " . .M- fr (_5 ^ 1 —«--1 a «s— a « v .*. < Lfr lij a .xj L . jL >. l ^.->- gS ^1". ■>• I l^L 

‘ p^ciLs-^jj-^ ‘ J ^b£-, ^-JLs- j-i -l=»is y+J <j5) n-n ij r-— ^p-fe.r • «s-iLjL jl J, a l., ^ i IS 
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( p-p)<J^ fAj-! iS 1 ^ § 


Yf — From M. A. Preston, Physics of the Nucleus, Addison-Wesley Publishing Co., Inc., 
Reading, 1962, by permission. 
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2.25 b 

11.29 

7 

N, 

28.02 

1.25 x 10" s 

*• 

8 

0, 

32.000 

1.43 x 10- 8 

• • 

9 

F. 

38.00 

1.69 x 10~ 8 

•* 

10 

Ne 

20.18 

9.00 x 10~* 

♦ 

11 

Na 

22.99 

0.97 

2.54 

12 

Mg 

24.32 

1 1.74 

4.31 

13 

A1 

1 26.98 

2.702 

6.03 
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* S> < d \rr/\ Y = oja i P 4 • >“» C / b a 

As* «*U. f. Y^/A°C = va-* ^«TV* °C ‘**Ve • < TAf/ar ^a* Oia 


YT/A'C 'At i ^>^9X\/9’K =^a- OjaSe^erg• oja 

^>1* k ( /5 f^a - ^*) tjt-^a *—*“•“* 

KTP jJT/Mxw' 1 ’ ^/cm*i^'^ / * 
NTP A/TAxl « H •* 


t From J. B. Marion, I960 Nuclear Data Tables, Part III, Nuclear Data Project, Natl. Acad. 
Set.—Natl. Res. Council, Nucl. Sci. Ser., Washington, 1960. Available from U.S. Government 
Printing Office, Washington, D.C. 
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t From G. L. Trigg, Systematics of Stable Nuclei, in D. W. Gray (ed.), “American Institute of Phytic 
Handbook." 2d ed.. McGraw-Hill Book Company, New York, 1963, by permission. 
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96 

54 

-95.45(36) 

(0) 

<+) 

16/50(17) 





97 

55 

-94.25(40) 

t 


9.45(10) 





98 

56 

-94.49(41) 

(0) 

<+) 

23.75(8) 





100 

58 

-92.43(49) 

(0) 

<+) 

9.62(10) 


44 

Ru 


96 

52 

-92.4(7) 

(0) 

(+) 

5.57(8) 




98 

54 

-94.5(8) 

(0) 

(+) 

1.86(4) 





99 

55 

-93.92(49) 

* 

(+) 

12.7(1) 





100 

56 

-95.182(5) 

(0) 

(+) 

12.6(1) 

t 




101 

57 

-94.423(3) 

t 

(+) 

17.1(1) 

X 




102 

58 

-96.28(20) 

(0) 

(+) 

31.6(2) 





104 

60 

-94.47(40) 

(Q> 

(+) 

18.5(1) 


45 

Rh 

103 

58 

-95.20(20) 

i 

— 

100 


46 

Pd 

102 

56 

-95.06(19) 

(°) 

(+) 

0.80(1) 




104 

58 

-96.44(20) 

(°) 

(+) 

9.3(1) 





105 

59 

-95.36(27) 

i 

+ 

22.6(2) 





106 

60 

-96.80(12) 

(0) 

(+) 

27.2(3) 





108 

62 

-96.08(12) 

(Q) 

(+) 

26.8(3) 





110 

64 

-95.50(32) 

(Q) 

(+) 

13.5(1) 


47 

Ag 

107 

60 

-95.03(11) 

t 

— 

51.35(7) 



109 

62 

-95.30(11) 

* 

- 

48.65(7) 





t From J. H. E. Mattauch. W. Thide, and A. H. Wapstra, 1964, Atomic Mass Table, Nuclear PhjrJ. s 
€1:1 (1965). 






5 

r- 

X 

* 

10*<A/- X) 

/ 

IT 

tr yj 9 

(5) 

(J) 

(-0 

(5) 

(6) 

(7) 

(«) 

(9) 

Cd 


106 

38 

-94.05(37) 

(0) 

(+) 

1.215 


108 

60 

-96.00(12) 

(0) 

(+) 

0.875 



110 

62 

-97.03(11) 

(0) 

(+) 

12.39 



111 

63 

-95.85(19) 

ft 

+ 

12.75 



112 

64 

-97.16(11) 

(0) 

(+) 

24.07 



113 

65 

-95.39(10) 

ft 

+ 

12.26 



114 

66 

-96.43(10) 

(0) 

(+) 

28.86 



116 

68 

-94.99(32) 

(0) 

(+) 

7.58 

In 


113 

64 

-95.72(10) 

1 

+ 

4.26(5) 



113* 

66 

-95.93(10) 

ft 

+ 

95.74(5) 

Sn 

112 

62 

-95.06(11) 

(0) 

(+) 

0.90(1) 


114 

64 

-97.04(10) 

(0) 

(+) 

0.61(1) 



115 

65 

-96.47(11) 

ft 

+ 

0.35(1) 



116 

66 

-97.89(19) 

(0) 

(+) 

14.07(8) 



117 

67 

-96.94(19) 

* 

+ 

7.54(3) 



118 

68 

—98,21(19) 

(0) 

(+) 

23.98(3) 



119 

69 

-96.61(20) 

ft 

+ 

8.62(1) 



120 

70 

-97.87(14) 

(0) 

(+) 

33.03(12) 



122 

72 

-96.59(14) 

(0) 

(+) 

4.78(1) 



124 

74 

-94.76(13) 

(0) 

(+) 

6.11(1) 

Sb 

oV*^ T 

121 

70 

-96.25(14) 

♦ 

+ 

57.25(3) 


123 

72 

-95.85(14) 

ft 

+ 

42.75(3) 

Te 

120 

68 

-95.49(40) 

(0) 

(+) 

0.091(1) 



122 

70 

-97.00(13) 

(0) 

(+) 

2.49(2) 



123, 

71 

-95.82(13) 

* 

+ 

0.89(2) 



124 

72 

-97.24(13) 

(0) 

(+) 

4.63(5) 



125 

73 

-95.58(13) 

* 

+ 

7.01(1) 



126 

74 

-96.758(37) 

(0) 

<+) 

18.72(4) 



128 

76 

-95.29(14) 

(0) 

(+) 

31.72(1) 


Jw^ 

130 

78 

-93.30(14) 

(0) 

(+) 

34.46(9) 

I 

127 

74 

-95.648(23) 

ft 

+ 

100 

Xc 

o>-j 

124 

70 

-93.88(16) 

(0) 

(+) 

0.09614(36) 


126 1 

72 

-95.831(32) 

(0) 

(+) 

0.08956(36) 



128 

74 

-96.462(10) 

(0) 

(+) 

1.919(4) 


1 

129 

75 

-95.216(10) 

i 

+ 

26.44(7) 



130 

76 

-96.490(9) 

(0) 

(+) 

4.074(10) 



131 

77 

-94.913(7) 

* 

+ 

21.18(5) 



132 

78 

-95.838(8) 

(0) 

(+) 

26.89(6) 



134 

80 

-94.602(8) 

(0) 

(+) 

10.44(2) 


r» 

136 

82 

-92.779(10) 

(0) 

(+) 

8.869(9) 

Cs 

133 

78 

-94.91(15) 

ft 

+ 

100 

Ba 

rx>| 

130 

74 

-93.753(24) 

(0) 

(+) 

0.13(2) 


132 

76 

-94.88(32) 1 

(0) 

(+) 

0.19(2) 



134 

78 

-95.69(15) 

(0) 

(+) 

2.66(5) 



135 

79 

-94.43(26) 

t 

(+) 

6.73(12) 



136 

80 

-95.64(14) | 

(0) 

(+) 

8.07(10) 



137 

81 

-94.44(13) 

1 

+ 

11.87(25) 



138 

82 

-94.99(8) 

(0) 

(+) 

70.41(35) 

La 

138* 

81 

-93.19(8) | 

s 


0.089(1.5) 



139 

82 

-93.94(8) 

ft 

(+) 

99.911(1.5) 

Cc 

C-Kt- 

136 

78 

-92.9(5) 

(0) 

(+) 

0.193(5) 



138 

80 

-94.28(8) 1 

(0) . 

(+) 

0.250(5) 


I 

140 

82 

-94.72(5) 

(0) [ 

<+) 

88.48(10) 



142 

84 

-90.96(8) 

(0) 1 

(+) 

11.07(10) 

Pr 

141 

82 

-92.610(46) 

ft 1 

+ 

100 


EC J-li- 

j«l^l 

I *t > 10“ JL 
p-;n = 6 x 10 “ JL 


■ • XiUl.cu- 

'»>io“ JL 


JU7o. 

/t = l.o x io» JL 









5 


.4 

N 

]Q\M-A) 

— 

/ 

n 

(P) 



W 

(2) 

(3) 

«) 

0) 

(0 

(7) 

<*) 


VO) 

60 

Nd 


142 

82 

-92.522(47) 

(0) 

(+) 

27.09(3) 






143 

83 

-90.38(5) 

4 

(-) 

12.14(2) 






144* 

84 

-90.10(5) 

(0) 

( + ) 

23.83(3) 

«; n - 

5 X 10» JL 




145 

85 

-87.84(15) 

4 

(-) 

8.29(1) 





146 

86 

-87.31(15) 

(0) 

(+) 

17.26(2) 






148 

88 

-83.52(16) 

(0) 

(+) 

5.74(2) 






150 

90 

-79.29(15) 

(0) 

(+) 

5.63(2) 



62 

Sm 

144 

82 

-88.33(24) 

(0) 

(+) 

3.02(2) 


1.3 x iu Jl JL 



147* 

85 

-85.38(5) 

* 

(-) 

14.87(4) 

a;H = 




148 

86 

-85.44(13) 

(0) 

(+) 

11.22(3) 





149 

87 

-83.07(13) 

* 

(-) 

13.82(4) 






150 

88 

-82.99(13) 

(0) 

<+) 

7.40(2) 






152 

90 

-80.65(33) 

(0) 

(+) 

26.80(5) 






154 

92 

-78.33(30) 

(0) 

( + ) 

22.88(6) 



63 

Eu 

(*3**3JX 

151 

88 

-80.37(18) 

ft 

(+) 

47.86(8) 





153 

90 

-79.28(35) 

ft 


52.14(8) 



64 

Gd 

152 

88 

-80.60(33) 

(0) 

<+) 

0.205(1) 





154 

90 

-79.77(28) 

(0) 

( + ) 

2.23(3) 






155 

91 

- 77.99(26) 

4 

(-) 

15.1(1.5) 






156 

92 

-77.76(26) 

(0) 

<+) 

20.6(2) 






157 

93 

-75.96(27) 

4 

(-) 

15.7(1.6) 






158 

94 

-75.81(27) 

(0) 

(+) 

24.5(2.5) 






160 

96 

-72.7(5) 

(0) 

( + ) 

21.6(2) 



65 

Tb 

T 

159 

94 

-75.7(11) 

4 

<+> 

100 



66 

Dy 


156 

90 

-76.07(18) 

(0) 

(+) 

0.0524(5) 

X 




158 

92 

-75.55(3) 

(0) 

<+) 

0.0902(9) 

X 





160 

94 

-76.0(10) 

(0) 

( + ) 

2.294(11) 






161 

95 

-74.2(10) 

ft 

(+) 

18.88(9) 






162 

96 

-74.3(10) 

(0) 

(+) 

25.53(13) 






163 

97 

-72.4(10) 

4 

(-) 

24.97(12) 





rW>® 

164 

98 

-71.9(10) 

(0) 

(+> 

28.18(12) 



67 

Ho 

165 

98 

1-70.4(7) 

4 

(-) 

100 



68 

Er 


162 

94 

-71.26(9) 

(0) 

(+) 

0.136(3) 

X 




164 

96 

-71.4(7) 

(0) 

(+> 

1.56(3) 






166 

98 

-68.6(6) 

(0) 

(+) 

33.41(3) 






167 

99 

-67.9(6) 

4 

(+) 

22.94(2) 






168 

100 

-68.6(6) 

(0) 

(+) 

27.07(3) 





ry^y 

170 

102 

-64.9(21) 

(0) 

(+) 

14.88(2) 



69 

Tm 

169 

100 

-65.755(34) 

4 

(+) 

100 

X 


70 

Yb 


168 

98 

-65.84(16) 

(0) 

(+) 

0.135(2) 

t 




170 

100 

-64.98(6) 

(0) 

(+) 

3.14(4) 

X 





171 

101 

-63.57(7) 

4 

(-) 

14.4(1.5) 

X 





172 

102 

-63.64(7) 

(0) 

(+) 

21.9(2.5) 

X 





173 

103 

-61.94(7) 

4 

(-) 

16.2(2) 

X 





174 1 

104 

-61.26(6) 

(0) 

(+) 

31,6(4) 

X 





176 

106 

-57.32(7) 

(0) 

(+) 

12.6(1.5) 

X 


71 

Lu 

175 

104 

-59.36(6) 

4 

(+) 

97.412(13) 

X 




176* 

105 

-58.56(46) 



2.588(13) 

f}~; EC 










ti - 

2.4 X 10 w JL 

72 

Hf 


174 

102 

-59.64(7) 

(0) 

(+) 

0.163(2) 

X 



176 

104 

-59.66(46) 

(0) 

(+) 

5.21(2) 






177 

105 

-58.08(46) 

4 

(-) 

18.56(6) 






178 

106 

-57.51(44) 

(0) 

(+) 

27.10(10) 






179 

107 

-55.58(44) 

4 

(+) 

13.75(5) 






180 

108 

-54.88(43) 

(0) 

(+) 

35.22(10) 

... 

* kite . _Ll| Jl* 

73 

Ta 

p Jbjt 

180 

107 

—54.28(38) 



0.0123(3) 

JL 

;H> 1.7(3) X 10» 




181 

108 

-53.82(38) 

4 

+ 

99.9877(3) 






z 

S 

ft 

A 

N 

10»(M - A) 

I 

ir 



(/) 

(2) 

0) 

(.4) 

(5) 

(6) 

(7) 

(8 ) 

(9) 

(10) 



.. <:■. 

180 

106 

-55.03(38) 

(0) 

(+) 

0.126(6) 

U- £*^4- 







182 

108 

-53.53(38) 

(0) 

(+) 

26.31(3) 





183 

109 

-51.51(38) 

* 

(-) 

14.28(1) 





184 

110 

-50.85(39) 

(0) 

( + ) 

30.64(3) 





186 

112 

-48.6(16) 

(0) 

(+) 

28.64(1) 


75 

Re 


185 

187* 

110 

112 

-49.9(16) 

-45.02(34) 

i 

i 

+ 

+ 

37.07(6) 

62.93(6) 


76 

Os 


184 

108 

-47.25(7) 

(0) 

(+) 

0.018(2) 

JL- ) 0 




186 

110 

-47.06(35) 

(0) 

(+) 

1-59(5) 




187 

111 

-45.03(34) 

+ 

(-) 

1.64(5) 





188 

112 

-45.02(30) 

(0) 

(+) 

13.3(2) 





189 

113 

-42.78(33) 

* 

(-) 

16.1(2) 





190 

114 

-42.58(36) 

(0) 

(+) 

26.4(3) 





192 

116 

-39.49(34) 

(0) 

(+) 

41.0(2) 


77 

Ir 


191 

114 

-40.10(29) 

i 

+ 

38.5 




193 

116 

-37.66(29) 

] 

+ 

61.5 

ct; /j = 5.9 X 10 11 JL 

78 

Pt 


190* 

112 

-40.83(41) 

(0) 

( + ) 

0.0127(5) 




192* 

114 

-39.53(29) 

(0) 

(+) 

0.78(1) 

a; rj rk I0 1J years. 




194 

116 

-37.57(24) 

(0) 

(+) 

32.9(1) 





195 

117 

-35.54(24) 

i 

— 

33.8(1) 





196 

118 

-35.38(24) 

(0) 

(+) 

25.2(1) 





198 

120 

-32.47(31) 

(0) 

(+) 

7.19(4) 


79 

Au 

197 

118 

-33.448(16) 

i 

+ 

100 


80 

Hg 

6 y*-? 

196 

116 

-34.181(18) 

0 

(+) 

0.146(5) 




198 

118 

-33.231(15) 

(0) 

(+) 

10.02(1) 





199 

119 

-31.744(20) 

i 

— 

16.84(4) 





200 

120 

-31.656(14) 

(0) 

(+) 

23.13(8) 





201 

121 

-29.685(18) 

i 

(-) 

13.22(5) 





202 

122 

-29.370(23) 

(0) 

(+) 

29.80(3) 





204 

124 

-26.518(19) 

(0) 

(+) 

6.85(1) 


81 

T1 

203 

122 

-27.669(40) 

i 

+ 

29.50 




205 

124 

-25.538(27) 

l 

(+) 

70.50 


82 

Pb 


204 

122 

-26.931(24) 

(0)- 

(+) 

1.4 





206 

124 

-25.541(12) 

(0) 

(+) 

25 





207 

125 

-24.102(12) 

i 

— 

22 





208 

126 

-23.356(12) 

(0) 

(+) 

52 


83 

Bi 


209* 

126 

-19.583(27) 

1 

(-) 

100 

a; rj = 2 X 10 17 years. 

90 

Th 


232* 

142 

38.211(42) 

(0) 

(+) 

100 

a; rf = 1.39 X 10 10 years. 

92 

U 

234* 

142 

40.90(6) 

(0) 

(+) 

0.0057(2) 

a; ft = 2.48 X 10 s years. 




235* 

143 

43.933(43) 

i 

(-) 

0.7204(7) 

ot; H = 7.1 X 10* years. 




238* 

146 

50.76(8) 

(0) 

(+) 

99.2739(7) 

a; /| = 4.51 X 10* years. 




l$JT Jjoj* j j^jUu 


cy^j^ isW^ 

J-a- l j jslSjl • ( j* j- ^'<*, — j-^ O*' 

,j—- L*-J |» lijl J J O-J 6X: £jJ jl JkrfjJS Jt-JJA- tS y 

jjl jj I J_ >Cm3 ^ Ljlo < L><L*Jh jA . CU» I 6 A— 4_o~ L»*» 1 A ^5 jl?jU» l5^Ls y tS Cw I 

• «ja: 6j^ ^15*- (mcT =H) 

I* Aa- 1 j - u < — N * J.J.3 — J ‘ Cj££ — C 


cgs 


^‘j 


/n£r 


X lO^cms" 1 
10- M emu 
10~ 10 esu 
I0 as mole" 1 

io-«g 


10-“ g 
u 

10-«g 

u 

10 8 emu 
10 14 csu 
10-” erg s 
10 -17 erg s 
10 7 emu 
10 17 esu 
10 s cm- 1 
10~* cm 
lO -10 cm 
10" 11 cm 
10 _1 ® cm 
10 -,4 cm 


X 10® m s _1 

10 - 14 c 

10 s * kmole' 1 
I O'” kg 
JO- 31 kg 
I0- 4 u 
I0-” kg 
u 

10-®’ kg 
u 

JO 4 C mole- 1 

10-* 4 J s 
10- 84 Js 
10 u C kg -1 

JO 7 m-‘ 

10“ m 
10- 12 m 
JO" 1 ® m 
10- 15 m 
JO -1 ® m 


2.997925(1) 

1.60210(2) 

4.80298(7) 

6.02252(9) 

1.66043(2) 

9.10908(13) 

5.48597(3) 

1.67252(3) 

1.00727663(8) 

1.67482(3) 

1.0086654(4) 

9.64870(5) 

2.89261(2) 

6.62559(16) 

1.054494(25) 

1.758796(6) 

5.27274(2) 

1.0973731(1) 


C jj jy 

e i5 J W- jW 
Jf 3j^^33^ JA£ 

cs* ^'a 
oa 5 - Cl* 
Mr Ojr3X u£~ Cl* 

M * ■Jirr oa^- ci* 
Jfe c^b 

h = hHn 

*l m o uC J 1 **-* 

2n t m lt e*lh t c <Sy Ay j cu* b 


5.29167(2) A*/m 0 e* j*y 

2.42621(2) hlm 

£3- 

1.321398(13) MMje , . . . 

2.10307(2) JJJg 0 y S *. 03V& J> 


t From E. R. Cohen and J. W. M. DuMond, Rev. Mod. Phys., 37: 537 (1965), by permission. 
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1.60210(2) X 10'»J 
1.60210(2) X 10 -11 erg 
8065.73(8) cm' 1 
2.41804(2) X lO 14 *' 1 
12398.10(13) X 10“ 4 cv cm 
931.478(5) Mev 
938.256(5) Mev 
939.550(5) Mev 
511006(2) ev 
2.17971(5) X lO^ 11 erg 
13.60535(13) ev 

8.31434 x 10’erg mote' 1 deg- 1 
0.082053 liter atm mole' 1 deg -1 
82.055 cm* atm mole -1 degr 1 
1.9872 calth mole- 1 deg- 1 
22413.6 cm' mole -1 


1.000317917(17) 
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2ir , /n 0 c 4 /A* 


NTP j 

(Q 14 =16) jJ 

(C» = 12) u- Li- j J fJ * 

(O - 16) u“ j •> ?)* 

(C u = 12) j-i (• 


1.000043(5) 
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Jj' 

0*8 Kev ( E ) 18 F (v) ^(^r) 

g a j» 2 g s 

— = J.7 * W 3 «v ( E ) E - —- (v) - 1 - (^Jl) T-l 

V* M o C 2 2 M o c 2 

o.u o^/F 3 M 2.3 x io 14 s/cw 3 M) r-) 


AC 27 , Te 125 , Fb 208 ^0.86, 0.61, 0.^6 


r-i 




R - h 5 /?^CT . 5 -t»j/ ? .-{t«-t«Jtf. -[ B = (i) 4 R,oJi) a_, 

rms l_ t 3/3-Mr(T 3 -fc 3 )/3^-(T 4 -t*)/lttJ rn ' , W 




,3/34T(T 3 -fc 3 )/3^-(T 4 -1* )/ltt 

1.6 FJ R « 6.0 F /* (v) T = c+*», t -a c-^a ^ 


^ If* 7 F ' c * 5-5 F 


( 


j^jis^jU‘vs'j'^ 0 ) 0.93 r~ l (v) (fe ^) _ 1 = 3 .o f ( k - iJI ) f -' 



tj cJLj-i ^ Lt 


T ( 2m c 2 \ 2 

P(‘» "(l + -~-j 'P(o^y ) =£ >-T 

T < 0.013 * c 2 T-Y 

(n' 5 / 2 )c r- T 

6.6 x 10“» cm. • 1 h- 5 x lO -1 ^ cmj 3-9 x 10"® cm f-Y 
2.2 x 10 ® g/sec 6—Y 
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of deuteron uround state 
intergretation of 
Logarithmic derivative of 
Normalization condition for: 

for particle in closed box 
Parity of 
radial 

Standing wave form of 
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radial 

weisskopf estimate of aamma decav 
x ray production . 

in electron-capture decay 
in internal conversion 
in photoeletric effect 
Ahnihilation radiation 
Number of atoms Der unit volum 
Table of 
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Decav constant : 
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of beta decay 
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qunatum-mechanical calculation of 
Physical constants 
Plank-s constant 
Radius constant 


< -) 

: 

MY- MT-ofUJT ^ll, 
m-TMiT"Y-Tn 

TTf - TTI-ojj^ 1 ^Ll , 

I YA- 1YT < 0 r LK j-> 

m < ,/*>» is 4 -^ 

n «>£* 

To <^bul 


Absorption : 

A. coeficient 
A. Curve 
A. Edge 
Jensen, J.D. 
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table of 
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Separation o c cnnter b f mass motion 

‘■'I'narntion variables in sehrodinoe: 
So:n-orbi t. coupling shell model 

°robahi ] i tv density , 

for narticlo in closed box 
in nuantum mechanics 
I-cciendro nolvnomial. 

associated 
Dons i tv . 

of nuclear crRrnv levels 
of states 
in beta decav . 
in cubical box 
for particles 
for Photons 
table of 
current densitv 
Chadwick,J. 

Bound state. (See also er.erov levels) 
Fxcited states(see enernv levels) 
Single state a* deuteron 
Stability limits against radioactive- 
decav 

Triplet state of deuteron 
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Stability line . 

accordinq to semiempirical mass formula 
effect on fission of 
Self-enerqv, coulomb 
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Scatterina amplitude 
Davis,R, 

Davisson,C, 

Dearnalev,G, 

De benedetti,S, 
de Broglie,L. 

Deuteron: 

ground-State-wave function 
oradius of 
Structure,of 
Virtual state of 
Deutsch,M, 

Dirac,P.A,M, 
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Classification of decav(see o( ,, Y decav) 


Alpha particle: 

capture and loss of electrons by 
fine structure in spectra of 
ionization in matter by 
long-range 
Charged particles: 
detection of 
energy loss of 
mean charoe in matter of 
Particle: 

in closed cubical box 

ia potential well (see shell model) 
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Ruderman,M.A. 

Rutherford,E. 
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Cross-section 

Orthogonality relation for- 
leoendre polynomials 
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Creation by Sf'-rav of, 
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Time: 
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Of impact 
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Of traversal through A nucleus 
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Center-of-Mass system 
Coulomb barrier 
Coulomb cross section 
Cross section: 

for capture of 1-Mev neutrons 

charoed-particle induced 

for charged-particle oroduction 

for compound-nucleus formation 

Coulomb 

definition of 

differential. 

for p-p scattering 
for s-wave scattering 
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in terms of scattering amplitude 
for elastic aloha-particle scattering 
for elastic neutron scatterico 
for elastic neutron scattering 
for elastic proton scattering 
elastic scattering 
energy dependence of 
evaluation of 
for fission: 

of u-235 by neutrons 
of u-239 by neutrons 

inelastic scattering. 
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integrated. 

for n-n scattering 
in terms of scatterinn-amnlitude 
For n-o scattering 
neutron: 

for molecules 
low-energy 

Qualitative discussion of 
partial 
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reaction}for co (p,n) 
for S 32 (d,p) 
for S 32 (n,d) 
for S 32 (n,P) 
total 

resonances in 
resonance formula for 
spin factor in 
total . 

for neutrons on cd 

235 

for Neutrons on u 
for pions on proton 
Fine structure in alpha decay 
Fission barrier 
Mass parabola 
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Mirror triad 
Oraanic scintillator 
partial cross-section 
potential barrier 
Scintillator: 
inorganic 
Organic 

Response to oamma ravs 
Response to neutron's c 
Senre,E., 

Serber,R. 

Soddv, F., 

Suess,H,E. 

Sunvar,A.W. 

Roundary condition(see wa 
Fission: 

Mass-yield curve 
Q -values 
.Symmetric 
Barrier 
Cross.Section 
Fragments 
Threshold 
Width 
Flux. 

Geiger counter 
Padius: 

Of deutelon 
Nuclear: 

Determination of 
Root-mean- Souare 
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Reflection coefficient of 
Mass absorption coefficient 
Reflection coefficient of potential step 
Mass absorption coefficient 
Linear absorntion coefficont 
Half-value thickness 


Beta spectrum 
Compton wavelength 
Scattering length: 
Sinalet 
Trinlet 
Sinale 

Spectrometer,Mannetic 
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Atomic number 
Conversion factors 
Elements. 

Formation of 
Table of 

Hindrance factor. 

In aloha Hecay 
In aamma decay 
Mass number 
Mean life. 

Relation to width of 
Occupation number of level 
Orbital quantum number 
Oscillator quantum number 
Ouanturn number. 
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M annetic 

Orbital 

radial 

total 

total annular momentum 
Spin factor in crons sections 
Transition matrix element? 

In beta decav 
In namma decav 
Wave number 


Abundance. 

Influence of shell o f toc:ts on 
Of occurrence of stable nuclides 
Raletive, Table of 
Of stable isotionos 
svstematic 
Of tin isotones 
Activity 

Breit-wionor resonance formula 

Distance of closest annroach of charged- 

Particle 

In neneral collision 
In head-on collision 
Fermi,F. 

Fe rmi 

Definition of , 

Decav 

Function 

tbeorv of heta decav 
Fernbach,S. 
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Folov,F. 

Fowler jr. 

Frisch, O.R. 
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Nuclear phvsics. 

I!istorical develonment of 
Photon, 

Momentum of 

Wavolenoth in terms of enernv o f 
prout's hynothesis 
Pemiempirical mass formula , 
Constants of 

Effect of shell effect on 
Predictions of stability Limits bv 
Von weizsacker 
Yield 


Fourier theorem 
Gauss law of electrostatics 
Geiner- Nuttal law 
Selection rule 
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London, P. U. 
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Curie,T. 

Curie, M. 

Curie, P. 

Curie,definition 
Kaplan,I. 
Kittel.C. 

Packinn fraction 


Allowed beta transition 
Delayed neutron emission 
Dipole moment 
Geiaer, H, 
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Coldhaber,M. 

Gomez,L.C. 

Prodzins,L. 

Groshew,L.v. 
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Gurney, F..w. 
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K- electron capture 
Magnetic moment , 

Of deuteron 

Moment of inertia of nucleus 
Multipole moment 
Runer-allowed beta transition 
Electric dinole moment 
Gamow,G 
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lees, O.R. 
Littauer, R.M, 


Alpha- oarticle model o^ nucleus 
Bohr model of H atom 
center o* mass. 

SeDoration o^ motion o^ and about 
Quantum-mechanical 
Chemical scale of atomic weight 
collective models 
de Broolie wave . 

Effect o* location o* particle 
Frequency in terms o f energy 
Wavelenoth o* neutron or proton . 
reduced 

in terms o f momentum 
Dirac eauation 
Liquid droD model 
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Looarithmic derivative of wave function 
Marsden, E. 

Maxwell equations , 

Break down of 
Rate of annular momentum- 
radiation according to 
Rate of enerqy radiation accordinn to 
: use in understanding- 

gamma rey interaction of 
Maver, M.G 

Mean free path in nucleus 
Meitner, L. 
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Meson . 

Mu 
Pi 

Role in nuclear force of 
Mott, N f F. 

Muon 

Hard core in 
Nuclear mass (see mass) 

Ontical model 

Physical scale of atomic weight 
Q - Equation 
Q - value . 

of aloha decav 
of electron - caDture decav 
of fission 

0 f nuclear reaction 
Quantum mechanics . 

Computation of transition probabilit 
Effect in gamma decav of 
Radial wave function(see wave function) 
Schrodinger equation . 

For motion about center of mass 
For motion o f center of mass 
Radial 
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Tiine-indenendent 

Shell model . 

Experimental basis of 
^elation to manic numbers of 
^inale-narticle 

Weisskonf argument for existennce of 
Surface interaction model 
Travelinn wave(see waue function) 
life time(see mean life) 

"ass-yield curve in fission 
spin-orbit coupling shell model 
Center of mass 
coordinate of 
kinetic energy of 
seraraion of motion,of and about 
classical 
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Harrier oenetration, 

In alnha decav 
In Beta decav 
In fission 

For Rectangular barrier 
Half-life . 

r nr alpha decav 
for beta decav 
Definition of 
For namma decav 
Of geological siuniaicance 
Relation to width of 
Kutie nlot 
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Neutrino 
Neutron . 
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Detection o f 

Diffraction by 

Diffraction bv nuclei of 

Energy after single collision 

Energy loss in matter 

Scattering bv molecules of 

scatterinn by narahvdrogen of 

Time of flight of 

Cross section(see cross section) 

N. number 

Reparation enernv . 

according to semiempirical mass formula 
of lead isotones 
Of nuclei(Z,N+1) with Z=N 
Northrup, D.C. 

Notation . 

For Atomic Enerny states 
For nuclear energv states 
For nuclides 
Nuclear force ; 

Charge independence of 
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from decav of mirror nuclei 
Exchange force in 
Hard core in 
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saturation of 
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Nuttall,J.M. 

Oscillator. 

Harmonic 

parity nonconservation in beta decay 

penetrability(see barrier penetration) 

Spectrosconic notation 

Turnina ooint 

Branchinq ratio 

Kniqht,W.D. 

Kurie plot 


AlDha decay . 

Decay constant of 
Decay energy O'F 
Energy conservation in 
Hindrance factor in 
Momentum conservation in 
Penetration in 
p - value of 

Peqions of instability to 


Beta decay . 

Allowed transitions in 
Classification of 
Condition for 
Decay constant of 
Energy conservation in 
f function for 
Fermi decay in 
Fermi function for 
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inverse 

Kurie plot for 
Momentum conservation in 
Parity conservation in 
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